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RESUM DE LA TESI

Titol: Estrategies d’intervenci6 de la parla i el llenguatge en individus amb Afasia

Progressiva Primaria

Introduccio: L’Afasia Progressiva Primaria (APP) és un sindrome clinic de naturalesa
neurodegenerativa caracteritzat per un deteriorament progressiu de la parla i el
llenguatge. Es descriuen tres variants d’APP. La variant semantica de l'afasia
progressiva primaria (vsAPP), la variant no fluent/ agramatical de l'afasia progressiva
primaria (vnfAPP) i la variant logopeénica de l'afasia progressiva primaria (vIAPP).
Actualment no existeix un tractament curatiu i les intervencions no farmacologiques
com la logopédia busquen compensar i mantenir la comunicacié funcional d’aquests
persones, encara que les evidencies envers a la seva eficacia sén escasses. Per aquest
motiu, existeix la necessitat d’ampliar la recerca per demostrar I'eficacia d’intervencions
logopediques per tal de compensar els deficits en la parla i el llenguatge en individus

amb APP.

Hipotesis: Les hipotesis de cada un dels articles que conformen la present tesis
doctoral sén: 1) La terapia de 'aprenentatge sense error tindra un efecte positiu en
aspectes concrets del llenguatge de manera immediata i a curt termini en els pacients
amb la variant semantica d’Afasia Progressiva Primaria. 2) L’estimulacié eléctrica
transcranial de baixa intensitat per corrent directe (tDCS) junt amb la intervencié
logopedica podria generar un millor rendiment clinic en algunes tasques de llenguatge
amb pacients amb APP. 3) La creaci6 d’escales per valorar I'apraxia bucofonatoria es
necessaria per avaluar quantitativament les caracteristiques verbals i no verbals dels
pacients amb la variant no fluent/agramatical de I’APP. 4) La versié modificada de la
terapia de I'entrenament de guions a través del Video Implemented Script Training for

Aphasia (VISTA) millorara aspectes del llenguatge i la parla amb pacients amb APP.

Objectius: Els objectius de cada un dels treballs que conformen la present tesi doctoral
sén: 1) Avaluar 1'efecte immediat i a curt termini de la terapia de I'aprenentatge sense
errors sobre aspectes concrets del llenguatge en pacients amb la vsAPP. 2) Avaluar la
tolerabilitat i 'eficacia de la tDCS combinada amb logopedia en les tres variants d’APP

examinant el rendiment clinic en diferents tasques de llenguatge. 3) Crear una escala
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quantitativa per a I'apraxia bucofonatoria i avaluar-la en pacients amb la vnfAPP i altres
malalties neurodegeneratives. 4) Avaluar l'acceptabilitat, viabilitat i els efectes en la
parla i el llenguatge en les tres variants d’APP, mitjancant la versié modificada del

VISTA.

Metodes: Vuit, quinze i tretze participants amb APP van rebre les diferents
intervencions de la parla i el llenguatge: 1) Aprenentatge sense error. 2) Logopédia +
tDCS activa i logopédia + tDCS simulada. En una submostra, la ressonancia magnetica
funcional es va realitzar abans i després de cada intervencid. 3) Versié modificada del
VISTA. Les diferents tasques es van avaluar a l'inici de la intervencid, immediatament
després i al cap d’un, tres i sis mesos depenent de la terapia. La creaci6 de 'escala per a
I'apraxia bucofonatoria es va administrar a 64 participants amb APP i altres malalties

neurodegeneratives i a 19 controls sans.

Resultats: En el primer estudi els pacients amb la vsAPP mostren una millora
significativa en la post intervencié en els items entrenats. Després de la terapia amb
tDCS a pacients amb APP més logopedia s’observa una millora en les dues branques
d’intervencié (tDCS activa i simulada) perd no hi ha diferencies entre I'estimulacié
activa i la simulada. El grup de la vnfAPP va obtenir la puntuacié mitjana més alta
després de 'administracié de l'escala d’apraxia bucofonatoria. Els participants mostren
millores significatives en alguns aspectes de la parla i el llenguatge després de la terapia

de I'entrenament de guions.

Conclusions: La terapia de l'aprenentatge sense error mostra beneficis en el
reaprenentatge de paraules entrenades després de la intervencié en pacient amb la
vsAPP. No s’ha trobat diferéencies entre I'estimulacié activa i simulada en les
puntuacions cliniques que donin suport d’eficacia clinica d’aquesta tecnologia en
pacients amb APP. L’escala per I'apraxia bucofonatoria és una eina que permet avaluar
quantitativament les caracteristiques verbals i no verbals dels pacients amb la nfvAPP i
comparar-la amb les diferents variants d’APP i altres malalties neurodegeneratives. La
versié modificada del VISTA és acceptable i efica¢ en les tres variants d’APP, mostrant

beneficis en les mesures analitzades.
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INTRODUCCIO

4.1 Definicio, antecedents i epidemiologia de I’Afasia Progressiva Primaria

Definicid

L’Afasia Progressiva Primaria (APP) és un sindrome clinic caracteritzat per un
deteriorament progressiu de la parla i el llenguatge, sent aquest el primer simptoma i el
més marcat, com a minim els dos primers anys d’evolucié, mentre que la resta de
funcions cognitives superiors es mantenen relativament preservades (Mesulam, 1982;
Montembeault et al., 2018; Gorno-Tempini et al., 2011). Les limitacions presentades en
les activitats de la vida diaria estarien justificades per les alteracions del llenguatge. A
mesura que la malaltia avanga la severitat d’aquests simptomes empitjoren amb una
perdua progressiva i apareixen altres alteracions cognitives i/o motores (Bonner et al.,

2010; Gorno-Tempini et al,. 2011).

Tant des del punt de vista clinic com neuropatologic les APP constitueixen un grup molt
heterogeni. Actualment, es descriuen tres variants d’APP, cadascuna amb un perfil
diferent d’alteracions en la parla i el llenguatge i associats a un patré d’atrofia cerebral.
La variant semantica de l'afasia progressiva primaria (vsAPP), la variant no fluent/
agramatical de 'afasia progressiva primaria (vnfAPP) i la variant logopenica de I'afasia
progressiva primaria (vIAPP) (Bonner et al,. 2010; Gorno-Tempini et al, 2011;
Mesulam, 2016). Tanmateix, els casos que no compleixen els criteris diagnostics de cap
d’aquestes variants o que compleixen criteris de més d’una variant sén caracteritzats
com a APP inclassificable (Gil-Navarro et al., 2013; Mesulam et al., 2012; Gorno-Tempini

etal, 2011; Harris et al,, 2013; Montembeault et al., 2018).

L’APP és un concepte sindromic que pot estar causat per diferents malalties
neurodegeneratives, sent les més freqilients les presentacions atipiques o no
amnesiques de la malaltia d’Alzheimer (MA) i la degeneracié lobular frontotemporal
(DLFT). La MA és la causa més freqiient de demencia estimant-se que avui dia la
pateixen uns 50 millons de persones a tot el mén (Patterson, 2018). La MA és deguda al
deposit anomal de proteina amiloide extraneuronal i de proteina tau hiperfosforilada

intraneuronal. Tot i que la presentacié clinica més freqiient de la MA és en forma d’'un
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deficit de memoria episodica, avui dia és ben conegut que existeixen maneres de
presentacié atipiques. Una d’aquestes formes de presentacié atipica de la MA és en
forma de trastorn progressiu del llenguatge, que freqiientment es presenten com a
vIAPP. Per altre banda, les DLFT constitueixen un grup heterogeni de malalties
neurodegeneratives degut a la diversa simptomatologia clinica, genetica i presentacio
histopatologica. Es produeix una afectacié progressiva dels lobuls frontals i temporals
associada a un procés de pérdua neuronal i gliosis. Clinicament es pot manifestar amb
una alteraci6 del comportament, canvis de personalitat i trastorns de la conducta social
(variant conductual de la demeéncia frontotemporal) o en forma d’alteracions del
llenguatge (APP) (McKhann et al,, 2001; Ratnavalli et al., 2002; Wooalcoot et al,, 2016;
Rabinovici and Miller, 2010). Neuropatologicament les DLFT poden estar causades pel
deposit anomal de diferent proteines al cervell entre les que es troben la proteina Tau
(DLFT-Tau), la proteina TAR-DNA-binding 43 (DLFT-TDP) i les proteines de la familia
FET (DLFT-FET).

Antecedents

La primera descripcié6 d'un pacient amb APP s’atribueix al metge Arnold Pick (Pick,
1892) quan va mencionar per primera vegada un pacient amb un deteriorament del
llenguatge amb trastorn conductual. L’estudi neuropatologic va revelar una atrofia

cortical del 1obul temporal i frontal posterior esquerre.

Al 1911, Alois Alzheimer va estudiar les alteracions histologiques d’aquests pacients,
anomenant-les cel-lules i cossos de Pick, i va proposar el terme de malaltia de Pick en
honor al seu descobridor. A la primera meitat del segle XX, les investigacions es van
centren en diferenciar la MA (perdua de memoria) amb la malaltia de Pick (alteracions

conductuals i de llenguatge).

La discussi6 sobre 'afasia neurodegenerativa va estar latent fins a la decada dels anys
70 quan investigadors britanics van publicar diversos casos de pérdua progressiva de
les capacitats semantiques (Warrington, 1975). Posteriorment, al 1982, Mesulam va
descriure cinc pacients amb una afasia lentament progressiva (Mesulam, 1982) amb un

llenguatge poc fluent i amb errors gramaticals i posteriorment el mateix autor va
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introduir per primera vegada el terme d’APP (Mesulam, 1987) per referir-se a aquest
sindrome clinic i diferenciar-lo de la MA.

Més tard, Snowden va suggerir el terme de deméncia semantica (Snowden et al., 1989)
per descriure aquells pacients amb un atrofia temporal predominant esquerre. Al 1992,
Hodges et al., van descriure cinc casos de deméncia semantica el qual van distingir
aquest tipus d’afasia progressiva fluent de l'afasia progressiva primaria no fluent
descrita inicialment per Mesulam (Mesulam, 1987). Va proposar un seguit de criteris
diagnostics per aquest sindrome (Hodges et al., 1992).

Al 1996, Grossman et al. 1996, va introduir el terme d’afasia progressiva no fluent per
descriure aquells pacients amb perdua progressiva de la fluidesa de la parla que

inicialment havia descrit Mesulam (Mesulam, 1982).

Aixi doncs, a la década dels 90 es va dividir en tres sindromes clinics dins de les
degeneracions lobulars frontotemporals: demeéncia frontotemporal, afasia progressiva
no fluent i demencia semantica. Es va utilitzar el terme demeéncia frontotemporal (DFT)
variant conductual per diferenciar-les de les formes de DFT variant lingiiistica (afasia
progressiva no fluent i demencia semantica) (Leyton et al., 2016; Mesulam et al., 2014;
Oliney et al., 2017; Woollacott et al, 2016). Al 1998, es van establir uns criteris

diagnostics de consens (Neary et al., 1998).

Posteriorment, va haver un canvi en la conceptualitzaci6 de les APP degut a I'aparicié de
noves classificacions diagnostiques més ajustades als simptomes i al tipus de malaltia
subjacent. Tot aix0 va ser motivat per les dificultats sorgides en la practica clinica per
categoritzar alguns casos de deméncia amb alteracions del llenguatge que no podien ser
incloses dins del grup d’afasia progressiva no fluent o deméncia semantica. En aquest
grup de pacients no es podia explicar l'espectre de presentacions descrites
anteriorment i no mostraven les caracteristiques tipiques de les presentacions
semantiques o no fluents. Aixi doncs, el grup de Kertesz (Kertesz et al, 2003) va
descriure en el seu estudi una forma diferent d’APP logopénica per referir-se a aquells
pacients amb dificultats en evocar les paraules perd0 amb una sintaxis i fonetica

relativament preservada.
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Més tard, Gorno-Tempini et al. 2004, va presentar una millor descripcié d’aquests
pacients amb la variant logopeénica caracteritzada per una fluencia “intermitja” i tenint
en compte les caracteristiques del llenguatge, cognitives i d’atrofia cerebral.

Finalment al 2011, un grup d’estudi internacional va descriure els criteris diagnostics de
les tres variants d’APP basats en la presentaci6 clinica, manifestacions del llenguatge i
patrons d’atrofia o hipometabolisme cerebral que avui dia s6n extensament acceptats
per la comunitat cientifica (Gorno Tempini et al., 2011): variant semantica de I’afasia
progressiva primaria (vsAPP), variant no fluent/ agramatical de l'afasia progressiva
primaria (vnfAPP) i variant logopénica de I'afasia progressiva primaria (vIAPP). Aquests
criteris diagnostics s’utilitzen ampliament per diagnosticar ’APP i les seves variants i
capturar amb exit els perfils de la majoria d’aquestes persones, tot i que, una minoria
d’elles amb deteriorament progressiu del llenguatge no corresponen a cap dels tres

subgrups o compleixen criteris de més d'un grup (Tippett, 2020).

Epidemiologia

L’APP es considera un sindrome de presentacié habitualment esporadica amb una edat
d’inici entre els 50-70 anys (Mesulam, 2001). La veritable prevalenca és dificil de
determinar a causa de I'’heterogeneitat de les patologies subjacents i les diferéncies
entre la codificaci6 de malalties en estudis epidemiologics i clinics. Per tant, la
freqiiencia en la poblacié general és desconeguda extrapolant-se a partir de les dades
disponibles pel grup de DFT. Tenint en compte aixo, la prevalenc¢a de la DFT es calcula
en aproximadament cinc casos per cada milié d’habitants (Stevens et al,, 1998) i entre
1-15 casos per cada 100.000 habitants menors de 65 anys, dels quals entre un 20-40%
presentaran APP (Grossman, 2010; Ratnavalli et al.,, 2002; Ikejima et al., 2009).

L’APP és un sindrome poc freqiient, i tal i com hem mencionat anteriorment la gran
majoria de casos son esporadics (Mesulam 2007; Rogalski and Mesulam 2009).
L’'impacte social i personal del diagnostic és considerable ja que afecta a poblacié moltes
vegades en edat laboral i amb carregues familiars, comprometent la seva capacitat
funcional en la vida diaria. L’edat mitjana d’aparici6 en la vsAPP s’estima als 59.6 anys
(DE 7.2), 64,4 anys (7.5) en la vnfAPP i de 63.0 (7.9) en la vIAPP. L'edat mitjana de
supervivencia és de 11.6 anys (DE 4.1) per la vsAPP, 8.0 anys (DE 2.5) per la vnfAPP i
11.0 (DE 4.1) per la vIAPP (Spinelli et al., 2017).
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Factors de risc

S’ha suggerit una major prevalenca de ’APP en pacients amb trastorns d’aprenentatge
com la dislexia, el qual es podria explicar per una major susceptibilitat en les xarxes del
llenguatge d’aquests pacients (Rogalski et al., 2008).

Tanmateix, encara que habitualment ’APP té una presentacié esporadica, una proporcié
de pacients pertanyen a families amb mutacions genetiques que poden causar DLFT
genetica amb un patré d’herencia autosomica dominant. Les mutacions més habituals
son en el gen MAPT, la progranulina (GRN) i el C9orf72 (Snowden et al., 2006; Mesulam
et al., 2007; Ling et al., 2013, Moore, 2020). Les mutacions en la GRN normalment es
presenten amb problemes d’articulacié de la parla, perdo també amb problemes de
repeticié i alteraci6 semantica amb un patré mixte especific (Snowden et al.,, 2006;
Pickering-Brown et al., 2008; Rohrer et al., 2020). Mentres que les mutacions de MAPT
acostumen a presentar alteracions de llenguatge de tipus semantic podent cumplir
criteris clinics de vsAPP, tot i que també existeixen casos documenats amb presentacio

en forma de vnfAPP (Pickering-Brown et al., 2006; Bessi et al., 2010; Xu, 2023).

4.2 Criteris diagnostics i variants cliniques d’Afasia Progressiva Primaria

Com s’ha comentat anteriorment, I’any 2011, un grup d’experts internacionals (Gorno-
Tempini et al,, 2011) van introduir un marc comu en consens internacional de criteris
diagnostics i classificacié de les diferents variants d’APP per consolidar les bases
diagnostiques, basades en determinats trets cognitius especifics i en el seu patrd
d’alteraci6 en la neuroimatge estructural i/o funcional. Van descriure aixi les tres
variants d’APP: variant no fluent/agramatical (vnfAPP), variant semantica (vsAPP) i

variant logopénica (VIAPP).

4.2.1 Caracteristiques de la parla i el llenguatge en les variants de ’APP

Variant no fluent de I’Afasia Progressiva Primaria

La caracteristica principal de la vifAPP és una parla poc fluent, amb esforg, entretallada,

amb vacil-lacions i distorsions inconsistents en els sons com substitucions,
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transposicions, addicions o elisions, aixi com també distorsions en la prosodia. L’apraxia
de la parla, alteracié en la planificacié i programacié motora, sense disfuncié muscular,
és la causa d’aquests errors en la produccié de la parla i les alteracions en I’entonacio.
L’apraxia de la parla pot anar acompanyada de disartria la qual acostuma a ser mixta,

amb caracteristiques tan hipofoniques com espastiques.

La presencia d’agramatisme es manifesta principalment amb la utilitzacié de frases
curtes i senzilles i omissions de morfemes gramaticals. També es pot produir 1'us
incorrecte de la morfologia de la flexi6 i I'ordre inexacte de paraules en el discurs
espontani.

Els pacients amb la vnfAPP acostumen a produir menys verbs que substantius, aixi com
també menys paraules funcionals (preposicions, pronoms, conjuncié) que paraules amb
contingut.

D’altra banda també presenten dificultats en la produccié i comprensié de frases
sintacticament complexes com poden ser les frases passives. Tanmateix s’observa una
reduccié en la lectura i I'escriptura.

(Hoffman et al,, 2017; Tetzloff et al, 2018; Mesulam et al, 2014; Tee and Gorno
Tempini, 2019; Tippett, 2022)

La neuroimatge dels pacients amb la vnfAPP mostra una atrofia i hipometabolisme

frontal i insular esquerre.

Variant semantica de I’Afasia Progressiva Primaria

La caracteristica principal de la vsAPP és la dificultat inicial en la comprensi6 de les
paraules aillades juntament amb l'anomia. Aixd fa que hi hagi una alteracié en la
comprensio del significat dels missatges. També afecta al reconeixement del gust, les
olors, els objectes, les persones i els sons. S'observa una tendéncia a utilitzar els
pronoms “ells”, “ella” enlloc dels noms especifics o utilitzar la categoria supraordinal

per designar noms concrets, com per exemple, “animal” en lloc de “gos” o “menjar”

enlloc de “poma” (Heitkamp et al, 2016).

La vsAPP afecta a la capacitat per entendre paraules, el coneixement semantic es va
deteriorant i cada vegada estan menys familiaritzats amb els objectes. Es freqiient que
preguntin “que és un tornavis? Aquest deficit esta associat amb el coneixement

semantic i no amb la memoria episodica (Cadorio et al., 2017).
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La seva parla és fluent, gramaticalment correcte, amb circumloquis, perseveracions i
parafasies semantiques.

Més endavant presenten dislexia i/o disgrafia superficial. S'entén per dislexia
superficial les dificultats en la lectura per la ruta visual o lexica i per tant dificultats en la
lectura de paraules irregulars (ex: basquet, ceba), en canvi la ruta fonologica esta més
preservada i presenten menys dificultats en la lectura de paraules regulars (ex: casa,
taula). La disgrafia superficial es caracteritza per les dificultats en l'escriptura de
paraules amb ortografia arbitraria, és a dir, aquelles en que no hi ha una
correspondencia grafema-fonema (ex: hipopotam, ciutat...).

Per altre banda, la repeticié de paraules i frases i la gramatica es mantenen relativament
preservades. No presenten disartria ni apraxia de la parla (Migliaccio 2016, Hoffman et
al,, 2017; Tee and Gorno-Tempini, 2019; Tippett, 2022).

La neuroimatge dels pacients amb la vsAPP mostra una atrofia i hipometabolisme de la

part anterior del 16bul temporal esquerre.

Variant logopénica de I’Afasia Progressiva Primaria

Els individus amb la vlIAPP presenten una alteraci6é en la recuperacié de les paraules

(anomia) en la denominaci6 per confrontacié visual i en la parla espontania.

Presenten un deficit en la memoria auditiva verbal a curt termini provocant pauses per
trobar les paraules, parafasies fonologiques i dificultats en la repeticié i comprensié de
frases de longitud mitjana i llargues.

La producci6 motora esta preservada i és gramaticalment correcte sense una clara
alteracié. La parla és lenta, amb pauses, vacil-lacions i circumloquis degut a I'anomia.

La lecturail’escriptura estan reduides i presenten alteracions en la memoria de treball.
Generalment no s’observa disartria ni apraxia de la parla (Migliaccio et al., 2016;
Hoffman et al., 2017; Tee and Gorno-Tempini, 2019; Tippett, 2022) pero pot haver-hi
simptomes addicionals com dificultats en la memoria, les praxies i en la consciencia
visuoespacial (Marshall et al., 2018).

La neuroimatge dels pacients amb la vlIAPP mostra una atrofia i hipometabilisme

perisilvia a I'hemisferi esquerre.
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4.2.2 Criteris diagnostics de 'APP i de les diferents variants

En la taula 1 es mostren els criteris d’inclusi6 i exclusié pel diagnostic clinic de I’APP,

aixi com també els criteris diagnostics especifics de les tres variants.

Correlacié clinico-patoldgica dels diferents subtipus d’APP

Variant no fluent/agramatical d’Afasia Progressiva Primaria: En un 80% dels
casos la demencia frontotemporal- TAU (DFT- tau) és la patologia més freqtient.
La patologia tau és sovint diagnosticada com a paralisis supranuclear

progressiva (PSP) o degeneraci6 corticobasal (DCB) (Spinelli et al.,, 2017).

Variant semantica de |'Afasia Progressiva Primaria: La DFT-TDP-43 és la
patologia més comu (Hodges et al., 2010; Josephs et al., 2011; Rohrer et al., 2011;
Mesulam et al.,, 2014; Leyton et al., 2016).

Variant logopénica de I’Afasia Progressiva Primaria: La malaltia d’Alzheimer és la
patologia associada més comd (amb TAU subjacent i beta amiloide
proteinopaties) (Mesulam et al., 2008; Modirrousta et al.,, 2013; Leyton et al,,
2016).
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Criteris diagnostics pel diagnostic de I’APP

1. El simptoma principal és el problema de llenguatge.

Criteris P - . . . o
e .. 2. Aquests deficits son el principal motiu que afecta a les activitats de la vida diaria.
d’inclusio
L’afasia és el simptoma prominent en la presentacid i fases inicials de la malaltia.
1. Els deficits s’expliquen per una altre malaltia médica o neurologica.
Criteris 2. Els problemes cognitius s’expliquen per un diagnostic psiquiatric.
d’exclusiéo 3. Afectacié mneésica o visoperceptiva rellevant a I'inici de la malaltia.
4. Alteraci6 conductual rellevant a I'inici de la malaltia.
Criteris diagnostics de les variants de 'APP
vnfAPP vsAPP VvIAPP
Un dels dos segiients: Dos dels segiients: Dos dels segiients:
1. Agramatisme 1. Afectaci6 de la 1. Dificultat per evocar
3xi denominacié per araules aillades en la
Criteris 2. Apraxia de la parla i€ p p e 13
. confrontaci6 visual conversa espontania i en
majors lad o
2. Afectaci6 de la a denominacio
comprensié de paraules 2. Alteraci6 de la repeticio
aillades de frases llargues.
Dos dels tres segiients: Tres dels quatre segiients: ~ Tres dels quatre seglients:
1. Afectaci6 de la 1. Reconeixement 1. Errors fonologics en la
comprensiod de frases d’objectes alterat, conversa espontania i en
sintacticament especialment d’aquells poc  la denominacid.
Criteri complexes. familiars. 2. Comprensié de paraules
riteris . . . . ; . .
2. Comprensio de 2. Disléxia o disgrafia de aillades i reconeixement
menors

paraules aillades
preservada.

3. Reconeixement
d’objectes preservat.

superficie.
3. Repeticié conservada.

4. Abséncia d’agramatisme
i apraxia de la parla.

d’objectes preservat.

3. Absencia
d’agramatisme.

4. Absencia d’apraxia de la
parla.

Criteris de
suport per
imatge

Atrofia predominant en
la regi6 frontal posterior-
insular esquerre en RM.

Hipoperfusio o
hipometabolisme en la
regid frontal posterior-
insular esquerre al
SPECT o PET

Atrofia predominant en la
regi6 temporal anterior
esquerre en RM.

Hipoperfusio o
hipometabolisme en la
regi6 temporal anterior
esquerre al SPECT o PET

Atrofia predominant en la
regid perisilviana
posterio-parietal esquerre
en RM.

Hipoperfusio o
hipometabolisme en la
regid perisilviana
posterio-parietal esquerre
al SPECT o PET

Taula 1. Adaptat de Gorno-Tempini et al., 2011
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La Figura 1 mostra les imatges representatives de la RM cerebral axial i PET-FDG de

cada una de les variants de ’APP.

Figura 1. Neuroimatge de les diferents variants d’APP: A,B) Pacient amb APP no fluent
/agramatical on s’aprecia atrofia/hipometabolisme frontal i insular esquerre; C,D) Pacient amb
APP logopenica on s’aprecia atrofia/hipometabolisme a la regié perisilviana esquerre; E,F)
Pacient amb APP semantic on s’aprecia atrofia/hipometabolisme temporal anterior esquerre.

Imatge propietat del nostre grup de recerca IDIBAPS

Presentacié d’APP indeterminada

Segons els resultats d’'un metanalisis realitzat ’any 2018 (Bergeron et al.,, 2018), es va
poder constatar que la classificacié clinica actual agrupa amb precisi6 la majoria de
pacients amb APP, pero en un petit grup, al voltant del 6%, es produeixen presentacions
cliniques mixtes inclassificables. El diagnostic d’alguns d’aquests casos es fa evident a
mesura que la malaltia avanca. Una mutacié genética s'ha de considerar com una
presentacié “atipica” de I’APP, ja que s'han reportat presentacions mixtes en casos amb

mutaci6 genéetica autosomica dominant (Hardy et al., 2017).
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En general, menys d'un ter¢ dels casos d’APP tenen antecedents familiars positius
d'espectre de DFT, trastorns amb menys del 10% dels casos que compleixen un patré
d'heréncia autosomica dominant. La vfAPP mostra la heretabilitat més alta (20-30%
amb antecedents familiars). En canvi, només el 10-20% de les persones amb vsAPP i

vIAPP tenen antecedents familiars positius de DFT (Rohrer et al., 2009).

4.2.3 Estadis de progressio de I’Afasia Progressiva Primaria

En totes les variants d’APP es produeix un empitjorament gradual de la parla i el

llenguatge amb una progressio6 fins arribar al mutisme.

A linici de la malaltia la persona pot experimentar lleus deéficits, com dificultats
ocasionals per trobar les paraules, interpretacions erronies en entendre el significat de
les paraules o una articulaci6 lleugerament distorsionada (Rogalski and Mesulam,
2009). A vegades durant aquesta etapa els familiars no perceben aquests canvis ni
tampoc sén detectables en les proves de llenguatge formals i és només el propi pacient
qui té consciencia del deficit. Amb la progressid, les dificultats en la parla i el llenguatge
es van accentuant permetent fer un diagnostic clinic. En aquesta fase intermitja la
comunicacié és el deficit més destacat i es fa dificil predir el ritme de deteriorament
(Rogalski and Mesulam, 2009).

No obstant aix0, a mesura que la malaltia avanca apareixen trets concomitants, ja sigui
alteracions de conducta, cognitives i motores. Aquesta etapa a vegades se 'anomena
“APP-plus” per indicar que el sindrome va més enlla dels trastorns de la parla i el
llenguatge (Rogalski and Mesulam, 2009).

Finalment, s’arriba a un grau de demencia generalitzada (Harciarek et al., 2014; Le Rhun
etal, 2005; Hodges et al,, 2010).

De manera que, I’APP té un impacte devastador tant pel pacient com pels familiars en
totes les etapes de progressié de la malaltia, no només a nivell de comunicacié sin6

també en totes les activitats de la vida diaria, afectant a tot el seu entorn.

41



4.3 El rol del logopeda en les Afasies Progressives Primaries

En els Ultims anys, el paper del logopeda s'ha consolidat cada vegada més en 1'avaluacio,
'atencid i el maneig de I’APP. Al llarg de la progressié de la malaltia, el logopeda pot
estar implicat en cinc dominis importants: I'avaluaci6é del comportament, la intervencié
basada en els estadis de deteriorament, les estrategies d’'intervencié compensatories i
I'entrenament i assessorament als companys de comunicaci6 (Gallée and Volkmer,
2023). De manera que, el logopeda pot abordar tan aspectes lingiiistics, funcionals i
socials en els que es pot trobar tant el propi pacient com el seu entorn comunicatiu,
facilitant estrategies especifiques per afavorir la comunicacié.

Desenvolupar intervencions i metodes eficacos, basats en l'evidencia, innovadors,
sensibles i aplicables en la practica clinica, és un repte continu al que s’enfronta aquest
professional de la parla i el llenguatge, ja que no disposem en aquests moments
d’intervencions farmacologiques per frenar o disminuir el deteriorament del llenguatge.
Es important conéixer el maneig d’una terapia adaptativa que inclou en part preveure
les possibles necessitats que podran sorgir, utilitzant decisions cliniques involucrades

en la comunicacid.

Aixi doncs, el paper del logopeda és fonamental en el maneig de les APP per tal
d'incrementar la seva independéncia comunicativa funcional, optimitzant la

comunicacié per millorar la qualitat de vida i comunicativa dels pacients i el seu entorn.

4.4 Avaluaci6 de la parla i el llenguatge en I’Afasia Progressiva Primaria

En les ultimes dues decades hi ha hagut un gran progrés en entendre les
caracteristiques cliniques i neuropatologiques dels individus amb APP, i el logopeda
cada vegada més freqlientment participa en I'avaluaci6 i intervencié de la comunicacid.

L’alteraci6 natural en el diagnostic de I’APP requereix d’'una avaluacié logopédica.

Una revisi6 sistematica recent va identificar nou avaluacions neuropsicologiques

desenvolupades o adaptades especificament pel diagnostic o caracteritzacié de I’APP
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(Battista et al., 2017). Diversos d’aquests estudis es van considerar exitosos per

diferenciar entre les variants cliniques d’APP.

El Western Aphasia Battery (WAB) (Kertesz, 2006), principal bateria de proves de la
que es disposa per 'avaluacié formal de les afasies, es va desenvolupar inicialment per
caracteritzar les alteracions del llenguatge en altres patologies com l'afasia post ictus.
Actualment, també s’utilitza per avaluar als individus amb APP, a part d’altres
valoracions que han estat desenvolupades especificament per aquests pacients. El
Sidney Language Battery (Savage et al., 2013) és una breu bateria de tasques que inclou
la denominaci6 d'imatges, la comprensié de paraules, l'associacié semantica i la
repeticid, pensat per diferenciar entre els diferents subtipus d’APP. El Northwestern
Anagram Test (Weintraub et al., 2009) per altre part, avalua la producci6 sintactica de

frases.

Seleccionar les avaluacions més adequades per a pacients amb APP permet orientar les
deficiencies basiques caracteristiques de cada subtipus clinic (Henry and Grasso, 2018).
Aquestes autores, en el seu estudi van proposar una bateria de proves per avaluar

diferents aspectes de la parla i el llenguatge:

e Parla connectada: parla espontania, semi dirigida i descripcié d’'una imatge.

e Boston Naming Test (BNT): denominacié per confrontacié visual (Kaplan et al.,
2021)

e Test de Piramides i Palmeres (PPT): associaci6 semantica (Howard and
Patterson, 1992)

e Peabody Picture Vocabulary Test-Revised (PPVT): comprensié d’'imatges (Dunn
etal, 1997)

e Northwestern Anagram Test (NAT): producci6 sintactica (Weintraub et al., 2009)

e Subtest del WAB: repetici6 de paraules i frases (Kertesz, 2006)

e Motor Speech Evaluation: produccié motora (Wertz et al., 1984)

e Lectura de paraules, pseudoparaules i lectura d'un text.

e Escriptura de paraules, pseudoparaules i descripcié escrita d'una imatge.
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En la Taula 2 es mostren les diferents proves proposades per Henry and Grasso, 2018, i
el rendiment previst en cada variant d’APP.

Variants d’'APP Test de valoracié de la parla i el llenguatge /Rendiment
previst

Tasca de parla connectada: Parla lenta i for¢ada (apraxia de la
parla); estructures gramaticals simplificades; presencia o no
d’agramatisme
BNT: Lleument alterat amb errors articulatoris i fonologics
PPT: Preservat

Variant no PPVT: Preservat
fluent/agramatical | NAT: Alterat si es presenta amb agramatisme
Tasca de repeticié: Alterat amb errors gramaticals (p.ex. omissions)
o motors (distorsions)
Tasca de produccié motora: Alterat amb caracteristiques d’apraxia
de la parlai possible disartria
Lectura/escriptura: Pitjor rendiment en pseudoparaules; pot
haver-hi agramatisme en lectura i escriptura de text

Tasca de parla connectada: Fluent; anomia; parafasies
semantiques; llenguatge buit de contingut

BNT: Alterat amb errors semantics i utilitzaci6 de categories
supraordinals

PPT: Alterat

Variant semantica | PPVT: Alterat

NAT: Relativament preservat

Tasca de repeticié: Relativament preservat

Tasca de produccié motora: Preservat

Lectura/escriptura: Alteracié en la lectura i escriptura de paraules
irregulars; errors en I'escriptura arbitraria

Tasca de parla connectada: Reduccié de la fluencia; pauses per
trobar les paraules; parafasies fonoldgiques
BNT: Alterat, sovint amb errors fonologics
PPT: Preservat
PPVT: Preservat
Variant NAT: Relativament preservat
logopenica Tasca de repeticio: Alterat en frases de longitud creixent
Tasca de produccié motora: Preservat
Lectura/escriptura: Pitjor rendiment en pseudoparaules; errors
fonologics; tendéncia a la lexicalitzacid (transformar en paraula
una pseudoparaula)

Taula 2: Proves i rendiment previst en cada variant d’APP (Adaptat de Henry and Grasso,
Assessment of Individuals with Primary Progressive Aphasia.” Seminars in speech and
language vol. 39,3 (2018): 231-241. doi:10.1055/s-0038-1660782)
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Tanmateix, cal destacar que en la practica clinica disposem d’alguns instruments per
avaluar les alteracions de la parla i concretament I'apraxia bucofonatoria (trastorn de la
programacié motora caracteristic de la vnfAPP), tan per l'agilitat verbal, capacitat de
planificar i programar els moviments bucofonatoris necessaris per produir els sons de
la parla, com per I'agilitat no verbal, és a dir, la imitacié o realitzaci6 de moviments orals
sense so (p.ex. obrir i tancar la boca, treure la llengua a fora i a dins) o sons

concomitants (p.ex. esclafir la llengua, fer el soroll del petd). Entre ells, destaquem:

e Motor Speech Evaluation (Wertz et al., 1984)
e Apraxia Battery for Adults-2 (Dabul, 2000)
e Apraxia of Speech Rating Scale (Strand et al., 2014)

Aquests instruments desenvolupats en llengua anglesa, es basen en puntuacions
qualitatitives o semi quantitatives que depenen en part de la valoracié subjectiva de

I’avaluador.

Per tant, actualment no existeix una escala, en castella ni en catala, practica, objectiva i
quantitativa per avaluar I'apraxia verbal i no verbal, especialment necessaria en la
vnfAPP i que ens peremeti comparar les caracteristiques de la parla en les tres variants,
mesurar els canvis longitudinals en el temps, aixi com també mesurar la resposta a

potencials intervencions terapeutiques.

Dur a terme un bon procés d’avaluacié per tenir el perfil de parla i llenguatge ben
caracteritzat, ens permetra determinar quines intervencions poden ser les més

adequades i eficaces per a cada pacient.

4.5 Intervencio de la parla i el llenguatge en I’Afasia Progressiva Primaria

L’avenc en els ultims anys en el coneixement de ’APP i les seves variants, aixi com la
constataci6 de l'efectivitat d’algunes intervencions cognitives en altres malalties

neurodegeneratives, han permes també l'aveng¢ en les intervencions conductuals
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especificament dissenyades per persones amb APP, basades en conceptes cognitius i

neuroanatomics moderns.

La investigaci6 sobre models efectius de tractament conductual de la parla i el
llenguatge és necessaria per establir les millors practiques cliniques en aquesta
poblacié de pacients. Tot i que els estudis d’'investigacié sobre els efectes de la
intervenci6 de la parla i el llenguatge en les APP ha augmentat en les ultimes decades
(Cadério et al., 2017; Carthery-Goulart et al., 2013; Cotelli etal.,, 2020; Croot 2018; Jokel
et al., 2014; Croot et al., 2009), les evidencies encara son escasses en comparacié amb
'afasia causada per lesions focals (afasia post-ictus), un grup de pacients pels quals hi
ha molta més evidencia d’eficacia de tractament. Moltes de les terapies utilitzades en les
APP han estat adaptades del camp de I'afasia post ictus i s’han aplicat aquests models a
la practica clinica (Kindell et al, 2015). Tot i que a vegades alguns d’aquests
enfocaments d’intervencié6 poden ser apropiats, cal tenir present els canvis en la
simptomatologia de I’APP al llarg del temps i per tant la necessitant d’adaptaci6 en les

intervencions.

Segons un estudi recent (Volkmer et al., 2023), 15 logopedes experts amb APP d’arreu
del moén, van participar en la tecnica del grup nominal per descriure la filosofia i els
principis basics de la practica clinica amb I’APP. Van identificar dos eixos generals, la
intervencié centrada en la persona i la complexitat de I'APP, els quals estaven
relacionats amb altres subtemes. Els subtemes sorgits i identificats com a principis

basics per a la bona practica clinia van ser:

e Coneixer la persona amb profunditat.

e Prevenir complicacions en termes de poder derivar el pacient al servei
corresponent en cas necessari.

e (Qtestions practiques en quant a poder mantenir converses amb els pacients i els
familiars referent als seus simptomes, poder establir uns objectius i poder donar
suport a llarg termini.

e Desenvolupament professional constant.

e Establir connexi6 entre el pacient i altres professionals.
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e Barreres i limitacions. Moltes persones amb APP no tenen accés a la terapia
logopedica.
e Suport entre iguals i ensenyar i compartir coneixements amb altres

professionals.

En el model del rellotge que es mostra en la Figura 2, es pot observar els dos temes
principals i els 7 subtemes interrelacionats i que van canviant al llarg del temps. Es
remarca la complexitat de treballar amb les APP i la importancia de fer una practica
clinica centrada en la persona. La rotacié de les agulles del rellotge a través del temps

representa encara més el canvi i el caracter progressiu de la APP.

KNOWING
PEOPLE

PREVENTING
DISASTERS

BARRIERS
AND

LIMITATIONS

PROFESSIONAL
DEVELOPMENT

Figura 2. Extreta de Volkmer et al, 2023. Principles and philosophies for speech and
language therapists working with people with primary progressive aphasia: an international

expert consensus. Disabil Rehabil
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Finalment, com ja s’ha mencionat anteriorment i tenint en compte que I’APP és un
sindrome neurodegeneratiu, els objectius d’intervencié6 han d’anar destinats a

promoure una comunicacié al maxim de funcional possible, entre ells:

e Maximitzar la comunicacié en cada estadi de progressio.
e Considerar una intervencié centrada en 'entorn i context del pacient i en les
seves necessitats funcionals.

e Enfocar una intervencio6 personalitzada i adaptada al grau d’afectacié.

4.5.1 Intervencio logopedica

Actualment no disposem de tractaments farmacologics modificadors ni curatius per
I’APP, pero hi ha un creixent interés en la investigacié. Tanmateix, les intervencions no
farmacologiques com la logopedia han demostrat ser ttils per compensar i mantenir la
comunicacié funcional.

Fins ara, un nombre reduit de logopedes d’arréu del mén ha treballat amb persones
amb APP, on s’han aplicat diferents intervencions per millorar I'impacte de I’APP (Croot
et al,, 2018; Taylor-Rubin et al., 2022; Volkmer et al., 2020; Beales et al.,, 2016). La
recerca logopedica s’ha centrat en tractaments restitutius (re aprenentatge de les
funcions perdudes) per millorar aspectes de la parla i el llenguatge, demostrant una
modesta evidéncia en la utilitat en la recuperacio lexica (Croot et al.,, 2009; Jokel et al,,

2014).

Per tal de proporcionar una atencié adequada i efica¢ a les persones amb APP, s’ha de
tenir en compte l'evolucié de la propia malaltia i les necessitats dels pacients i les seves
families. En aquest sentit, Hinshelwood i Henry, 2016, van proposar un enfocament de
terapia per gestionar les diferents fases de I'’APP amb I'objectiu de preservar al maxim la
funcionalitat del pacient (Figura 3). Van incloure tecniques restitutives, compensatories
i estratégies pels companys de comunicacié. En una primera fase, quan els déficits s6n
lleus es recomana introduir les terapies restitutives, que tenen com a objectiu restaurar
i mantenir les habilitats comunicatives, com la denominacié o la fluidesa de la parla a

través d’estrategies comunicatives. En els estadis moderats de progressio es prioritzen

48



Estratégies d’intervencid de la parla i el llenguatge en individus amb Afasia Progressiva Primaria

els enfocaments compensatoris que inclouen l'entrenament amb els sistemes
alternatius i augmentatius de comunicacié (SAAC) i la comunicacié multimodal (gests,
escriure, dibuixar...) per tal de maximitzar la comunicacié utilitzant totes les modalitats
tan verbals com no verbals. I per ultim, en una tercera fase quan les habilitats
comunicatives del pacient ja esdevenen moderades-severes, la intervencio es centra en
I'entrenament dels companys de comunicacié (familiars, cuidadors, amics) fomentant
I'ds de la comunicacié multimodal i proporcionant estrategies per promoure la

comunicacié (Robinaugh and Henry, 2022).

Primera fase Segona fase Tercera fase

eProporcionar eProporcionar eProporcionar
educacié i educaci6 i educacié i
consell consell consell

eTerapia eUtilitzar un eEntrenar als
restitutiva amb SAACila companys de
objectius comunicacio comunicacio
funcionals multimodal eDonar suporta

eEstrategies de sEstrategies la comunicaci6
comunicacio compensatories multimodal

\ J L J \ J

Figura 3. Fases d’intervencié en I’APP (Adaptat de Hinshelwood, Holly, and Maya Henry.
“Helping Them Hold On: Through Phased Treatment, Speech-Language Pathologists Can Help
Clients with Primary Progressive Aphasia Function as Normally as Possible—for as Long as

They Can.” ASHA leader 21.10 (2016): 44-51. Web.

Tot i que s’han desenvolupat diverses intervencions basades en el deteriorament i
sobretot en les estratégies compensatories, malauradament, encara s'han de superar
multiples barreres per millorar l'accés a l'atenci6 de les persones amb APP, com ara
augmentar la conscienciacié dels professionals, millorar la formaci6 dels logopedes i
desenvolupar directrius basades en l'evidéncia per a intervencions terapeutiques. En
aquest sentit, un grup internacional de logopedes esta treballant conjuntament en

diferents projectes per desenvolupar intervencions terapeutiques especifiques de
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comunicacié per pacients i familiars amb APP, aixi com també compartir coneixement
entre professionals, analitzar quines poden ser les millors mesures de resultat per
avaluar els diferents objectius de terapia, tenir instruments d’avaluaci6 en diverses

llengiies, entre altres.

Tot i aixi, es coneix que s’han utilitzat amb exit diverses estratégies d’intervenci6 i
compensacié amb pacients amb APP (Pagnoni et al,, 2021). En aquesta revisi6 es van
incloure 48 estudis sobre l'entrenament del llenguatge per les alteracions orals i
escrites en la denominacié amb pacients amb APP. Van observar que els tractaments de
llenguatge més utilitzats en la practica clinica eren, el tractament de recuperacio léxica,
el tractament fonologic i/o ortografic, el tractament semantic i el tractament
multimodal. Van concloure que tot i no haver-hi una guia clara pel tractament del
llenguatge, un seguit d’estrategies compensatories havien estat satisfactoriament

utilitzades amb pacients amb APP

Alguns dels enfocaments que es coneixen en la intervencié logopéedica estan basats en

(Volkmer et al., 2020):

e Larecuperacio de les paraules
e L’entrenament de guions
e Els enfocaments de compensacio

e Models terapeutics

Terapia de 'aprenentatge sense error

Una de les intervencions coneguda com la terapia de I'aprenentatge sense error, es
considera un metode prometedor en la rehabilitacié cognitiva eliminant la possibilitat
dels errors durant la intervenci6. Aquest enfocament es basa en els principis de
I'aprenentatge i la memoria. La memoria explicita, dividida en memoria episodica i
semantica, fa referencia a la experiéncia conscient de recordar informacié apresa
préviament. Per altre banda, la memoria implicita fa referéncia a la informacié que es

recorda sense esforg, de forma inconscient (Hunkin et al., 1998; Tailby et al., 2003). La
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terapia de I'aprenentatge sense error implica tornar a aprendre nova informacié evitant
els errors en la denominaci6, millorant la xarxa semantica per tornar a aprendre el nom

dels objectes i el seu significat, ja sigui a través de la memoria implicita com episodica.

Tenint en compte que el sistema hipocampal és 'estructura principal implicada en la
memoria episodica, i esta relativament preservat en la vsAPP, aquest fet tedricament
permetria 1'adquisicié de nova informaci6é en aquests pacients. Només alguns estudis
previs (Jokel et al,, 2006, Jokel et al., 2012; Jefferies et al.,, 2011) han aplicat aquesta
técnica amb pacients amb la vsAPP mostrant que l'aprenentatge sense error els

proporciona millors resultats que la terapia on es permeten els errors.

Entrenament de guions

L’entrenament de guions és una altre tipus d’intervencié focalitzada en la
practica repetida del contingut d’'un gui6 per promoure la produccié de la parla i
I'automatitzacié de la fluidesa. Aquesta técnica ha estat ben reportada en la
literatura per I'afasia post ictus (Cherney et al., 2008; Cherney, 2012; Goldberg et
al,, 2012; Hubbard et al., 2020; Grasso et al., 2019; Rafi et al., 2018; Rhodes et al,,
2018) on s’ha demostrat un efecte positiu en la precisié articulatoria i en la
velocitat de la parla. Els pocs estudis que han avaluat aquests efectes en I’APP
han estat en la vnfAPP a través de l'entrenament de guions amb el Video
Implemented Script Training for Aphasia o VISTA (Henry et al., 2018; Dial et al,,
2019). Aquesta terapia consisteix en sessions d’entrenament amb el logopeda
d’uns guions personalitzats i la practica independent al domicili on es requereix
que el pacient repeteixi el gui6 amb l'ajuda d’'un video on es focalitzen els
moviments de la boca d’'un model sa (Figura 4). El pacient ha de practicar el guié

verbalitzant-lo al mateix temps que el model i al mateix ritme.

e .0 4a -

Figura 4. Imatge d’autoria propia
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Els estudis de Henry et al,, 2018 i Dial et al., 2019, van demostrar efectes positius en
pacients amb la vnfAPP observant millores i un manteniment a curt termini en la
producci6 i la intel.ligibilitat de la parla. No obstant aixo, la terapia de I'entrenament de

guions encara no ha estat examinada en la vsAPP ni en la vIAPP.

4.5.2 Técniques de neuromodulacio

La tDCS o estimulacié transcranial per correct electrica directe, és una tecnica de
neuromodulacié no invasiva, indolora i és una opcié prometedora per a la intervencié
terapeutica de les alteracions del llenguatge (Monti et al., 2013; Norise and Hamilton,
2017). S’aplica una petita quantitat de corrent electrica de baixa intensitat en el cuir
cabellut a través d’'uns electrodes amb l'objectiu d’estimular arees especifiques del
cervell, influint en les xarxes neuronals per tal de modificar o regular la seva activitat
provocant |'exitabilitat de les neurones tractades. La tDCS té un efecte neuromodulador,
el que fa que augmenti la neuroplasticitat cerebral i com a resultat millori l'estat clinic
de certes malalties neurologiques i psiquiatriques. S’ha investigat ampliament per
tractar els problemes de memoria, atenci6, aprenentatge i en el control del dolor (Bjeki¢

etal, 2021; Satorres et al,, 2022; Brauer at al,, 2021; Wen et al., 2022).

En els altims anys, un petit pero creixent nombre d’evidencies han indicat que la tDCS
podria modular el sistema lingiiistic en pacients amb malalties neurodegeneratives,
inclosos pacients amb APP (Cotelli et al.,, 2016; Ficek et al., 2018; Gervits et al., 2016;
Hung et al., 2017; McConathey et al., 2017; Roncero et al., 2019; Teichmann et al., 2016;
Tsapkini et al.,, 2014; Zhao et al, 20121). Aquests estudis mostren una millora en
algunes funcions del llenguatge i algun d’ells suggereixen un efecte beneficiés quan es
combina la terapia logopédica amb I'’estimulacié cerebral (Cotelli et al., 2014; Nissim et
al., 2020). En 'estudi de Cotelli et al., 2014 van aplicar la tDCS en el cortex prefrontal
dorsolateral en 16 pacients amb la vnfAPP juntament amb terapia logopédica i van
observar una millora en la tasca de denominacié analitzada tan en el grup estimulat com

en el simulat. Tot i aixi, van constatar un efecte més positiu en el grup estimulat.

Segons un meta-analisi realitzat per Nissim et al., 2020, es va identificar 6 estudis on

s’'aplica la tDCS juntament amb la intervencié logopedica amb pacients amb APP.
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S’observa una diversitat metodologica en quant a la localitzacié de I’estimulaci6 (cortex
prefrontal dorsolateral, regié frontotemporal esquerre, lobul frontal esquerre...), aix{
com també en les tasques durant la terapia (fluencies, denominacid, tasca narrativa...).

Per tant, podem observar que la majoria dels estudis es centren en un conjunt restringit
d’habilitats lingiiistiques, que la localitzacié de l'estimulacié amb la tDCS difereix en

alguns d’ells i els resultats en les funcions del llenguatge s6n molt heterogenis.

4.6 Modalitats terapeutiques en I’Afasia Progressiva Primaria: presencialitat i

teleterapia

La majoria dels estudis disponibles d’intervencié logopedica en APP es basen en estudis
realitzats presencialment, on la persona afectada es desplaga al centre sanitari

corresponent per rebre la intervencio.

La tecnologia digital ens ha proporcionat la oportunitat d’incrementar l'atencié a
aquelles persones que per la seva situacié geografica o per dificultats motores no es

poden desplacar fins al seu centre de referencia per rebre les terapies adequades.

La teleterapia ha estat identificada com a una eina valida en el maneig de les malalties
neurodegeneratives com la malaltia de Parkinson i la malaltia d’Alzheimer,
proporcionant I'oportunitat a aquestes persones a accedir a una terapia encara que no
sigui de forma presencial (Adams et al., 2020).

Rogalski et al., 2016, van avaluar la viabilitat de la teleterapia en individus amb APP,
demostrant que la terapia administrada a través de videoconferencia és un metode
factible per a persones amb un grau lleu-moderat de deteriorament del llenguatge i si
tenen familiaritat previa amb 'ordinador i un cuidador o familiar que els pugui donar

suport.

Per altre banda, disposem de pocs estudis on es comparen els efectes de la intervencio
logopedica administrada de forma presencial versus teleterapia, entenent per
teleterapia les sessions administrades de forma sincronitzada pacient-professional a

través d'un ordinador o tauleta amb un suport auditiu i visual.
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Pocs estudis han comparat directament els efectes de la intervencié de la parla i el
llenguatge en adults administrada en persona versus teleterapia (Pefaloza et al., 2021;
Chaudhary et al., 2021; Dial et al,, 2019) i només un d’aquests estudis (Dial et al., 2019)
ho fa amb pacients amb APP. Dial et al,, 2019 va demostrar uns resultats equivalents i
solids entre les dues modalitats de tractament (teleterapia versus presencial) en
individus amb APP. Tot i aixi, es necessiten més estudis per comparar aquestes
modalitats de tractament amb pacients amb APP.

Altres treballs suggereixen que la teleterapia es recomana amb persones amb estadis
lleus 0 moderats de progressié de la malaltia i que per tant la gravetat de la malaltia

influiria en la viabilitat de la intervenci6 (Dial et al., 2019; Rogalki et al., 2016).

L’estabilitat en la connexi6, la qualitat de I'audio i tenir una persona de suport per
facilitar la participacié és necessari per algunes persones per tal que la terapia

esdevingui exitosa.

Finalment, després de tota la informacié proporcionada al llarg de la introduccié,
podriem dir que en aquests moments no disposem de I'evidéncia suficient per afirmar
quines intervencions poden ser més efectives en les diferents etapes de la malaltia.
Aquesta falta de coneixement augmenta les dificultats en qué s'enfronten els logopedes
al'hora de prendre decisions referent a quines terapies aplicar.

Per tant, es genera la necessitat de desenvolupar estrategies d’intervencié de la parla i
el llenguatge per proporcionar evidencia fonamental sobre l'eficacia de diferents
enfocaments de terapia, aixi com també en diferents estadis de progressié de la
malaltia, per tal de millorar la practica clinica en aquesta poblacié6 amb un alt grau de

discapacitat degut a les dificultats comunicatives.
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HIPOTESIS

Hipotesi 1: La terapia de I'aprenentatge sense error tindra un efecte positiu en aspectes
concrets del llenguatge de manera immediata i a curt termini en els pacients amb la
variant semantica d’Afasia Progressiva Primaria:

a) L’aplicaci6 de la terapia millorara la denominacié i la comprensié de les paraules
entrenades després de la intervencio i es mantindra 'efecte a curt termini.

b) La terapia sera efectiva pels pacients amb diferents caracteristiques cognitives i amb

una alteraci6 del llenguatge lleu o moderat.

Hipotesi 2: L’aplicacié de l'estimulacié electrica transcranial de baixa intensitat per
corrent directe (tDCS) junt amb la intervencié logopedica sera viable i ben tolerada pels
pacients amb APP. Aquesta intervenci6 podria generar un millor rendiment clinic
demostrable per 'augment de la flueéncia verbal, I'associacié semantica, la capacitat de
denominacid, la repeticié i la velocitat lectora. L’efecte de la tDCS podria estar associat a

canvis d’activitat cerebral en algunes tasques de llenguatge.

Hipotesi 3: La creacié d’escales per valorar 'apraxia bucofonatoria es necessaria per
avaluar quantitativament les caracteristiques verbals i no verbals dels pacients amb la
variant no fluent/agramatical de I’APP i podra ajudar a diferenciar les tres variants de

I’APP entre si, aixi com també amb altres malalties neurodegeneratives.

Hipotesi 4: La versié modificada de la terapia de 'entrenament de guions a través del
Video Implemented Script Training for Aphasia sera viable i efectiva en les tres variants
de 'APP i millorara aspectes del seu llenguatge que podrien ser diferents en cada
variant. La teleterapia sera ben acceptada i viable per a tots els participants, sense
diferencies en resultats en relaci6 a la modalitat d’intervencié (en persona vs

teleterapia).
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OBJECTIUS

Objectiu 1: Avaluar 'efecte immediat i a curt termini de la terapia de I'aprenentatge
sense error amb pacients amb la variant semantica de ’Afasia Progressiva Primaria en

la denominacié i comprensié de paraules, segons les caracteristiques cognitives.

Objectiu 2: Avaluar la tolerabilitat i I'eficacia de 'estimulacié transcranial per corrent
directe, junt amb la intervencié logopedica, amb pacients amb Afasia Progressiva
Primaria. Examinar el rendiment clinic en diferents tasques de llenguatge com la
fluéncia verbal, I'associacié semantica, la capacitat de denominacid, la repetici6 i la
velocitat lectora. Avaluar els canvis que es produeixen en l'activitat cerebral, abans i
després de l'estimulacié transcranial, a través de la ressonancia magnetica funcional

durant una tasca de llenguatge.

Objectiu 3: Crear una escala per quantificar globalment i monitoritzar les
caracteristiques de l'apraxia bucofonatoria (verbal i no verbal) especialment per la
variant no fluent/agramatical de I’Afasia Progressiva Primaria. Comparar els resultats
amb les altres variants d’Afasia Progressiva Primaria i altres pacients amb alteracions

en la comunicacié causada per altres malalties neurodegeneratives.

Objectiu 4: Avaluar la viabilitat i els efectes de la versié modificada de I'entrenament de
guions a través del Video Implemented Script Training for Aphasia en les tres variants
de I'Afasia Progressiva Primaria, analitzant-ne la produccio6, I'ds de paraules clau, I'ds de
sinonims i la qualitat global del guié. Comparar els efectes, la viabilitat i acceptabilitat

de la intervencié duta a terme de forma presencial o en modalitat de teleterapia.
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Article 1:

Errorless Learning Therapy in Semantic Variant of Primary Progressive Aphasia

RESUM

Antecedents: La variant semantica de l'afasia progressiva primaria (vsAPP) es
caracteritza per una perdua progressiva del coneixement semantic alterant la capacitat

de denominar i reconeixer el significat de les paraules.

Objectiu: El nostre objectiu va ser avaluar l'efecte immediat i a curt termini de la
terapia de l'aprenentatge sense errors sobre la denominacié i el reconeixement de

paraules d'is comu en pacients amb la vsAPP.

Metodes: Vuit participants diagnosticats de la vsAPP van rebre 16 sessions de
logopedia a través de la terapia de l'aprenentatge sense errors. Les tasques de
denominacié i comprensié de paraules es van avaluar a l'inici de la intervenci¢,
immediatament després de la intervencié i al cap d' un, tres i sis mesos. Aquestes
avaluacions es van realitzar utilitzant dos conjunts d'items (una llista de paraules

entrenada i una llista de paraules control).

Resultats: En les tasques de denominacid, els pacients van mostrar una millora
significativa en els {tems entrenats immediatament després de la intervencio6, pero
aquesta millora va decaure progressivament quan va acabar la terapia. No es van trobar

millores en la comprensié entrenada o en tasques no entrenades.

Conclusio: La terapia de l'aprenentatge sense errors podria millorar la capacitat de
denominacié en pacients amb la vsAPP. Aquest efecte pot ser degut a la relativa
preservaci6 de la memoria episodica, perd el benefici no es manté en el temps

presumiblement perque no hi ha una consolidaci6 de la informacio.
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Abstract.

Background: The semantic variant of primary progressive aphasia (svPPA) is characterized by a progressive loss of semantic
knowledge impairing the ability to name and to recognize the meaning of words.

Objective: We aimed to evaluate the immediate and short-term effect of errorless learning speech therapy on the naming and
recognition of commonly used words in patients with svPPA.

Methods: Eight participants diagnosed with svPPA received 16 sessions of intensive errorless learning speech therapy.
Naming and word comprehension tasks were evaluated at baseline, immediately postintervention, and at follow-up after 1,
3, and 6 months. These evaluations were performed using two item sets (a trained list and an untrained list).

Results: In the naming tasks, patients showed a significantimprovement in trained items immediately after the intervention, but
that improvement decayed progressively when therapy ended. No improvements were found either in trained comprehension
or in untrained tasks.

Conclusion: Errorless learning therapy could improve naming ability in patients with svPPA. This effect may be due to
the relative preservation of episodic memory, but the benefit is not maintained over time, presumably because there is no
consolidation.

Keywords: Alzheimer’s disease, anomia, errorless learning, relearning, semantic dementia, semantic variant of primary
progressive aphasia, speech therapy

INTRODUCTION a non-fluent/agrammatic variant, a logopenic vari-
ant, and a semantic variant (svPPA), also known as
semantic dementia [2]. The language impairment in
svPPA is characterized by moderate to severe nam-
ing problems, altered single-word comprehension
(i.e., altered word recognition) and object knowledge,
empty speech (i.e., with low informative content)
with semantic errors, and poor semantic fluency.

However, syntax and phonology are spared, while

Primary progressive aphasia (PPA) is charac-
terized by a progressive loss of language abilities
but relative preservation of other cognitive abilities
[1]. Three variants of PPA have been described:
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other cognitive functions such as episodic memory
are relatively preserved [3-5]. During the disease
course, patients with svPPA typically also develop

ISSN 1387-2877/21/$35.00 © 2021 — I0OS Press. All rights reserved.



416 N. Montagut et al. / Errorless Learning in Semantic Dementia

behavioral alterations [6]. Neuroimaging findings
typically show asymmetric focal atrophy of an ante-
rior and inferior part of the left temporal lobe [2].

Errorless learning (EL) is a promising method for
cognitive rehabilitation that eliminates the possibility
of errors during the intervention. The EL approach
is based on the principles of learning and mem-
ory. Explicit memory, which refers to the conscious
experience of remembering previously learned infor-
mation, has been divided into episodic and semantic
memory. By contrast, implicit memory refers to
the performance of previously learned tasks that do
not require conscious recollection of those experi-
ences. It has been hypothesized that EL can leverage
implicit or residual explicit memory while avoiding
the semantic memory [7, 8].

A prevailing theory in the literature suggests that
people with cognitive impairment learn new skills
more successfully when errors are avoided during
training [9]. In svPPA, rehabilitation by EL speech
therapy involves relearning new information, avoid-
ing the errors in naming, and enhancing the semantic
network to relearn the name of the object and its
meaning through both implicit memory and explicit
episodic memory. The hippocampal system is the
main structure involved in explicit episodic mem-
ory, and its relative preservation in patients with
svPPA would theoretically allow the acquisition of
new information [10].

The lack of semantic information during verbal
learning makes patients with svPPA more vulnera-
ble to errors committed during speech rehabilitation,
and as such, EL may be the better approach in
these patients [11, 12]. Only a few previous stud-
ies have tested EL in patients with svPPA [11-13].
Notably, Jokel et al. showed that EL speech ther-
apy provides better outcomes for these patients than
therapy in which errors may occur [11]. Jefferies
et al. also observed in a single patient that EL
speech therapy was more beneficial for svPPA when
errors were minimized [12]. Less has been reported
about the maintenance of this improvement or about
the response in terms of single-word comprehen-
sion [14].

In this study, we aimed to evaluate the effect of
EL therapy, together with its maintenance over time,
on naming and single-word comprehension learn-
ing in patients with svPPA. Given that cognition has
been reported to be an important factor for deter-
mining the outcome of EL therapy, we also evaluate
patient response according to different cognition fea-
tures [15].

MATERIAL AND METHODS
Participants

Participants were recruited from the Alzheimer’s
and Other Cognitive Disorders Unit of the Hospi-
tal Clinic of Barcelona, Spain. All svPPA diagnoses
were made by a specialist neurologist according to
the International Consensus Criteria [2]. Participants
were assumed to have capacity for consent and all
provided written informed consent to participate.
Additional oral information was provided if the par-
ticipant had problems understanding relevant written
terms. The study was approved by the Hospital Clinic
Ethics Committee.

Inclusion and exclusion criteria

The inclusion criteria were as follows: 1) diagnosis
of svPPA according to the International Consensus
Criteria [2], with a Severity Rating Scale score of
2-5 (mild or moderate stage) according to the Boston
Diagnostic Aphasia Examination (BDAE) and a raw
score of >5 on the Boston Naming Test (BNT) [16];
2) agreement to attend speech therapy twice a week
for eight consecutive weeks; and 3) commitment not
to participate in another cognitive or speech and lan-
guage intervention during the study.

The exclusion criteria were as follows: 1) history of
other pre-existing neurological or psychiatric comor-
bidities that may affect language; 2) severe disease
stage (BDAE severity scale score of 0 or 1; BNT
raw score of <5); 3) generalized dementia, as rated
by a Mini-Mental State Examination (MMSE) score
of < 15.

Baseline neuropsychological assessment

Prior to starting the intervention, all participants’
cognitive statuses were assessed using the MMSE
[17]. We retrospectively reviewed neuropsycholog-
ical memory results and classified the participants
according to their results in delayed memory recall
tests, including the Consortium to Establish a Reg-
istry for Alzheimer’s Disease neuropsychological
battery [18], the Free and Cued Selective Remind-
ing Test [19], and the Rey Auditory Verbal Learning
Test [20]. Memory performance between tests were
analyzed by comparing individual z-scores with the
normal population: a delayed memory recall score
at least three standard deviations below the mean
was classified as severe memory impairment, with all



N. Montagut et al. / Errorless Learning in Semantic Dementia 417

other results classified as mild memory impairment.
Assessments were performed 6 months before the
intervention started. Language abilities were assessed
using the BNT, the Category Denomination and Com-
prehension test, and the Camel and Cactus subtests
from the Cambridge Semantic Battery [3, 16, 21].
The Severity Rating Scale of the BDAE was used to
classify participants as having mild (score=4 or 5) or
moderate (score=2 or 3) language impairment.

Intervention

The EL speech therapy intervention was designed
to minimize the possibility of errors during the inter-
vention. We created a set of 25 everyday items from
5 semantic categories (i.e., food, hygiene, common
objects, food utensils, and clothing). Training ses-
sions were administered by a speech therapist with
expertise in PPA (NM). The therapist started sessions
by asking the participants four questions (yes/no)
about each item from the 25-item list, including cues
in an error-free learning environment, and present-
ing both a picture and the object simultaneously. For
example, if a picture of an apple was shown, the
speech therapist asked (with pauses after each ques-
tion): “Is it food?”’; “Could you put it on to cake?”;
“Does it begin with the letter A?”; “Is it an apple?”’;
“Yes, apple”; “Please repeat: apple.” We helped with
the gesture and/or the image for all words to ensure
they understood the meaning of each word (e.g.,
food gesture with hand, a cake picture, and so on).
Depending on the situation, the speech therapist could
provide the correct answer before the patient used a
word intrusion and made an error. After each ses-
sion, participants did a grammar integration exercise
that involved completing a sentence with the correct
word from the trained list. Participants engaged in
16 therapy sessions (45 minutes each, twice a week)
over an 8-week period. To minimize response bias
through recall of a prior response, the order of image
presentation was varied in each session.

Evaluation

We assessed semantic knowledge of words across
input (comprehension) and output (naming) modali-
ties, as summarized in the Supplementary Material.
For this, we compared results for the list of 25 trained
words with the results for a list of 25 untrained words
that are commonly used and from the same seman-
tic categories. Regarding category naming, images
from the list were presented to the subject who was
then asked to name the object as fast and accurately

as possible. Regarding category comprehension, the
examiner showed five words in the same semantic
category and the participant was asked to indicate
the word that they heard. In each case, we gave one
point was given for every correct answer and zero
points for every incorrect answer or failure to respond
(maximum response time=20s). Participants were
evaluated with the same lists at baseline, immedi-
ately postintervention, and after 1, 3, and 6 months
of follow-up.

Statistical analysis

Data analyses were performed using RStudio ver-
sion 1.1.463 (RStudio Inc). The percentage of correct
answers per task was calculated, and the mean and
standard deviation of correct answers were calcu-
lated for each evaluation. The Wilcoxon test was used
for pairwise comparison of non-parametric paired
samples. Differences between patients with different
memory or language states were also evaluated with
the Wilcoxon test. The significance threshold was set
at p <0.05 for all analyses.

RESULTS
Baseline characteristics

The baseline demographic and neuropsychological
results for the eight patients with svPPA are summa-
rized in Table 1. The mean MMSE score was 24.5.
According to the BDAE severity scale, four partici-
pants had mild aphasia (score=4) and the other four
had moderate aphasia (score=2 or 3). All patients
exhibited moderate to severe alterations in word nam-
ing, with a mean score of 15 out of 60 items on
the BNT. All eight participants completed the full
intervention and were evaluated immediately and at
I-month postintervention, but only six participants
completed all follow-up evaluations. The others only
attended follow-up to 1 and 3 months.

Effect of the errorless learning intervention

Figure 1 and Table 2 show the individual and aver-
age results for each evaluated task.

All participants showed significant improvement
in naming tasks between the assessments at baseline
and immediately after the intervention. Regarding
group comparisons, participants correctly named
a mean of 11.6+5.8 items (46% correct) before
the intervention, which increased significantly to
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Table 1
Demographic characteristics and results of baseline evaluations
Subject Age Gender  Years Global MMSE Verbal Verbal ~ BNT CSM CSM Camel
of aphasia (30) memory memory  (60) Denomination ~Comprehension and
disease stage immediate  delayed (64) (64) Cactus
recall recall (64)
(z score) (z score)
1 53 F 4 2 20 -2.91 -2.78 8 16 49 38
2 56 M 4 2 24 -3.04 -2.78 11 7 40 28
3 71 M 5 3 26 -1.90 -2.05 20 29 57 43
4 69 F 2 3 25 -4.59 -5.33 10 19 58 31
5 45 M 2 4 24 -1.61 -1.20 19 35 56 51
6 77 F 3 4 27 -2.31 -3.71 9 19 44 30
7 73 M 1 4 25 —4.73 -3.71 10 21 42 28
8 68 F 3 4 25 -3.65 -3.33 33 41 58 25
BNT, Boston Naming Test; CSM, Cambridge Semantic Battery; F, female; M, male; MMSE, Mini-Mental State Examination.
A) Trained naming B) Untrained naming C) Trained comprehension D)U d preh
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0 0 0 0
t0 t1 [ 13 t4 10 t1 [~ 13 t4 10 t1 2 3 t4 10 t1 [~ 13 t4
E) Trained naming F) Untrained naming G) Trained comprehension H)U d preh
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Fig. 1. A-D) Individual percentages of correct answers at each assessment by evaluations. E-H) Mean percentages of correct answers at
each assessment by evaluations. t0 =baseline; t1 =immediate postintervention; t2 = 1 month postintervention; t3 = 3 months postintervention;

t4 =6 months postintervention.

21.9 £ 3.5 for trained items (87.5% correct, p <0.05)
after the intervention, with three participants gain-
ing a maximum score. However, this gain decayed
progressively thereafter, and although improvements
from baseline remained significant at 1 month
(19.24+5.75 items; 77% correct, p<0.05) and 3
months (16.4 £ 8.3 items; 74.9% correct, p <0.05),
item naming had nearly returned to baseline by 6
months (12.9 £ 9.9 items; 68.7% correct; p=0.178).
No significant improvement was found for untrained
items either after the intervention or in the longitudi-
nal evaluations.

In the comprehension tasks, four participants
improved between baseline and immediately after the
intervention, two participants had already obtained
the maximum scores at baseline, and the two remain-
ing cases displayed no significant improvement.
Participants recognized a mean of 23.0£ 1.5 items
(92% correct) and 24.1 &= 1.4 items (96% correct) in
the trained and untrained lists, respectively. No sig-
nificant differences existed between baseline and any
follow-up evaluation for either the trained items or the
untrained items, with several participants obtaining
maximum scores.



N. Montagut et al. / Errorless Learning in Semantic Dementia

Table 2
Mean numbers and percentages of correct answers, together with the percentage improvement, shown by assessment
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Baseline (t0)

Postintervention (t1)

1 month (t2) 3 months (t3)

6 months (t4)

Trained Naming

Mean+SD, n 11.6+5.8 21.9+3.5 19.2+5.8 18.7+4.9 17.24+7.0
Mean+SD, % 46+23 87+ 14 77+23 75+£20 69 +28
Improvement, % (range) - +41 (20 to 88) +31 (4 to 88) +29 (0 to 72) +23 (-12to 76)
Untrained Naming
Mean+SD, n 11.5+6.9 125+5.9 10.8 £7.0 10.6 £6.8 8.6+84
Mean+SD, % 46 £27 50+23 43 +28 42 +£27 46 +31
Improvement, % (range) - +4 (-4 to 16) -3 (-16t0 4) —4 (-16to 16) 0(-16to 4)
Trained Comprehension
Mean+SD, n 23.0+1.5 240+ 1.6 23.5+2.0 240+1.5 22.8+24
Mean=+SD, % 92+6 96+6 94+8 96+ 6 91410
Improvement, % (range) - +4 (-8 to 16) +2 (=12 to 16) +4 (0to 12) -1(-16-8)
Untrained Comprehension
Mean+SD, n 24.1+1.1 23.8+14 232+1.7 23.2+2.0 227427
Mean+SD, % 96 +4 95+5 93+7 93+8 91+11
Improvement, % (range) - -1 (-12to 8) -3 (-12to 8) -3 (-16to 12) -5 (-20to 0)
SD, standard deviation.
A) Trained denomination B) Untrained denomination C) Trained comprehension D) Untrained comprehension
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Fig. 2. A-D) Individual percentages of correct answers at each assessment by evaluations. E-H) Mean percentages of correct answers at each
assessment by evaluations. t0 =baseline; t1 =immediately postintervention; t2=1 month postintervention; t3 =3 months postintervention;

t4 =6 months postintervention.

Results according to memory and language severity

We investigated if the severity of language or mem-
ory impairment could explain differences in response
to the intervention. No significant differences in out-

comes were found between participants with mild and
moderate language impairment (Fig. 2A) in either the

conditions (trained and untrained
functions (naming and comprehen

) or the language
sion). Concerning

the impact of mild and severe memory impairment
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(Fig. 2B), there was a non-significant trend for a bet-
ter mean improvement in those with mild impairment
(13.5items [54%] versus 7.0 items [28%]; p = 0.102).
Severity of memory impairment did not lead to sta-
tistical differences in either the comprehension tasks
or the naming of untrained items.

Tolerability and adverse events

The intervention was well tolerated. Only one
patient, who trained at home without assistance,
developed obsessive behavior about the words pre-
sented in the sessions. We also observed word
intrusions from the training list in another patient,
but the patient successfully corrected this without
assistance.

DISCUSSION

In the present study, we assessed the effect of EL
speech therapy on naming and category comprehen-
sion, which are two key language domains for patients
with svPPA. There was a significant improvement in
naming among the trained items, with this positive
effect being maintained for at least 3 months after the
intervention. However, there was no improvement in
untrained items, suggesting a lack of generalization
of the benefits. We also found no improvement in
the comprehension tasks, but we cannot exclude the
possibility of a ceiling effect in some participants.

Our findings are consistent with previous litera-
ture. An effect of language rehabilitation on picture
naming has been reported for patients with svPPA
[22, 23], while another study demonstrated that the
reacquisition of lost vocabulary was possible through
EL speech therapy for three patients with svPPA
[24]. Jokel et al. have also suggested a possible
benefit of implementing errorless strategies when
comparing errorless and errorful learning approaches
to anomia in seven participants with svPPA. They
concluded that errorless therapy was more effective
than errorful therapy [11]. In a series of experiments
in a patient with svPPA, Jefferies et al. evaluated
the circumstances under which speech therapy was
most profitable. They concluded that their participant
showed larger gains in phonological learning when
item errors were minimized [12]. EL, which targets
implicit memory, may therefore be more effective in
patients who cannot utilize their semantic memory.

Research has been conducted to evaluate the main-
tenance of reacquired knowledge over time. Savage et
al. demonstrated that, despite the progressive nature

of svPPA, patients can preserve some improvement
for at least 6 months [25]. By contrast, fewer studies
have evaluated whether the effects of EL therapy are
maintained over time. Robinson and colleagues eval-
uated the outcomes of EL therapy in two patients with
svPPA immediately and at 1 month after the inter-
vention [14]. During this month, no further speech
therapy was offered, and although both participants
showed improvement immediately after the inter-
vention, only one had retained the improvement at
the follow-up assessment. In our study, we observed
no significant maintenance of improvement in any
patient by 6 months, supporting the idea that the new
information is not consolidated. This is probably due
not only to deficits in consolidation circuits because
of the loss of lateral temporal areas [25, 26] but also
to the neurodegenerative nature of svPPA, which may
affect the durability of rehabilitation effects.

Our findings indicate that patients with svPPA
retain some ability to acquire new information [22,
24]. Neuroimaging studies also show that there is
loss of temporal medial lobe grey matter in svPPA.
These patients appear to have a better preserved
hippocampal system, which is involved in episodic
memory circuits, compared with their temporal neo-
cortex, which is involved in the consolidation of
learning into long-term semantic storage. These
changes suggest that patients with svPPA can rely
on episodic memory, and as a result, should be able
to relearn information more efficiently than patients
with other language presentations of Alzheimer’s
disease [27]. Recent studies suggest that there is a
potential differentiation along the longitudinal axis of
the hippocampus that could explain this discordance:
the anterior hippocampus may be more affected in
svPPA, while the posterior hippocampus may be
more affected in Alzheimer’s disease, correlating
with episodic memory scores [ 10]. Thus, we hypothe-
size that patients with less memory impairment could
benefit more from a speech therapy intervention. In
support of this position we found a non-significant
trend for better outcomes among patients with less
severe memory impairment. This suggests that the
benefit of the intervention may depend on the preser-
vation of episodic memory circuits.

The benefit of the intervention in the present study
was found to be independent of disease severity, with
no significant differences in the maintenance of these
improvements. This result indicated that patients with
either mild or moderate aphasia can benefit from
the speech therapy. Previous studies have suggested
that relearning is dependent on the degree of resid-
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ual semantic knowledge [13], and it is possible that
we found no differences according to severity due
to a ceiling effect in the mild group (with a high
success rate after the intervention). Moreover, we
did not identify any significant improvement in nam-
ing untrained items, and this lack of generalization
has frequently been reported in previous work with
patients with svPPA [28]. Finally, the lack of bene-
fit with the comprehension tasks was affected by the
high baseline success, which may have introduced a
ceiling effect. Further studies with a higher require-
ment are needed to elucidate the effect of EL therapy
on comprehension tasks.

Our study has some limitations. First, the small
sample size unavoidably limits the generalizability
of our results. Second, the lack of a control group
of patients who did not receive therapy may have
reduced the scale of any differences when comparing
trained and untrained items. Finally, the low diffi-
culty of the comprehension task could have masked
the therapeutic effect by introducing a ceiling effect,
which precludes meaningful conclusions about the
impact on relearning words for comprehension.

In conclusion, our study shows that EL speech ther-
apy on word relearning in svPPA may attenuate the
progression of some language deficits, with benefits
in word naming after intensive therapy. Therapy also
tends to be more effective over time, especially in
patients with mild impairments. Further studies are
needed that employ larger cohorts and improved pro-
cedures to clarify the true efficacy of speech therapy
in patients with svPPA.
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Article 2:

Multifocal Transcranial Direct Current Stimulation in Primary Progressive
Aphasia Does Not Provide a Clinical Benefit Over Speech Therapy

RESUM

Antecedents: L'afasia progressiva primaria (APP) és un grup de trastorns
neurodegeneratius caracteritzats pel deteriorament del llenguatge i inclouen la malaltia
d'Alzheimer i la demencia frontotemporal. L'estimulacié transcranial per corrent

directe (tDCS) és una intervencio6 no invasiva per a la disfuncié cerebral.

Objectiu: Avaluar la tolerabilitat i I'eficacia de la tDCS combinada amb logopédia en les
tres variants de I’APP. Avaluar els canvis en l'activitat de la ressonancia magnetica

funcional (RMf) en un subconjunt de pacients.

Metodes: Estudi amb la tDCS doble cec, aleatoritzat, creuat i controlat simuladament. Es
van incloure 15 pacients amb APP. Cada pacient es va sotmetre a dues intervencions: a)
logopedia + tDCS activa i b) logopédia + tDCS simulada. Es va utilitzar una estrategia
multifocal amb anodes col-locats a les regions frontal i parietal esquerra per estimular
tota la xarxa linglistica. L'eficacia es va avaluar comparant els resultats de dos conjunts
independents d'avaluacions administrades a l'inici, immediatament després de la
intervencio, i al cap d'un i tres mesos després de la intervencié. En una submostra, la

RMf es va realitzar abans i després de cada intervencié.

Resultats: Les intervencions van ser ben tolerades. Els participants en tots dos bragos
van mostrar una millora clinica, pero6 no es van trobar diferéncies entre les
intervencions actives i simulades amb la tDCS en qualsevol de les avaluacions. Va haver-
hi una tendencia a obtenir millors resultats en el grup de la tDCS activa en 1'associacié
semantica i les habilitats lectores. La RMf va identificar un augment d'activitat en el
lobul frontal dret de l'escor¢a medial i el gir paracingulat bilateral després de la

intervencio6 activa amb la tDCS.

Conclusio: No vam trobar diferencies entre 1'estimulacié amb la tDCS activa i simulada

en puntuacions cliniques de la funcié del llenguatge en pacients amb APP.
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Abstract.

Background: Primary progressive aphasia (PPA) is a group of neurodegenerative disorders including Alzheimer’s disease
and frontotemporal dementia characterized by language deterioration. Transcranial direct current stimulation (tDCS) is a
non-invasive intervention for brain dysfunction.

Objective: To evaluate the tolerability and efficacy of tDCS combined with speech therapy in the three variants of PPA. We
evaluate changes in fMRI activity in a subset of patients.

Methods: Double-blinded, randomized, cross-over, and sham-controlled tDCS study. 15 patients with PPA were included.
Each patient underwent two interventions: a) speech therapy + active tDCS and b) speech therapy + sham tDCS stimulation. A
multifocal strategy with anodes placed in the left frontal and parietal regions was used to stimulate the entire language network.
Efficacy was evaluated by comparing the results of two independent sets of neuropsychological assessments administered
at baseline, immediately after the intervention, and at 1 month and 3 months after the intervention. In a subsample, fMRI
scanning was performed before and after each intervention.

Results: The interventions were well tolerated. Participants in both arms showed clinical improvement, but no differences
were found between active and sham tDCS interventions in any of the evaluations. There were trends toward better outcomes
in the active tDCS group for semantic association and reading skills. fMRI identified an activity increase in the right frontal
medial cortex and the bilateral paracingulate gyrus after the active tDCS intervention.
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Conclusion: We did not find differences between active and sham tDCS stimulation in clinical scores of language function

in PPA patients.

Keywords: Alzheimer’s disease, brain stimulation, frontotemporal dementia, primary progressive aphasia, speech therapy,

transcranial direct current stimulation

INTRODUCTION

Primary progressive aphasia (PPA) is a group of
neurodegenerative disorders that primarily affects
language functions. The current classification for
PPA recognizes three clinical subtypes of PPA:
semantic variant (svPPA), nonfluent/agrammatic
variant (nfvPPA), and logopenic variant (IvPPA) of
PPA [1]. Each variant is characterized by several
clinical features and a characteristic pattern of brain
atrophy. The svPPA is characterized by semantic
deficits consisting of object naming, single-word
comprehension deficits, and object-identification
impairments. svPPA patients typically present pre-
dominant left polar temporal atrophy. Patients with
the nfvPPA present impaired motor programming,
with an effortful and distorted speech consisting
of distortions, substitutions, deletions, insertions, or
transpositions of speech sounds. Syntactic deficits
may also be present in nfvPPA patients. These
patients exhibit a left-posterior frontoinsular and peri-
sylvian atrophy. Finally, the 1vPPA is characterized
by a slow speech rate, with frequent word-finding
problems and phonologic paraphasias but without
agrammatism or distortions. IvPPA patients also
present impaired repetition of sentences and naming
impairment but with sparing of single-word compre-
hension. These symptoms are associated with left
inferior parietal and superior temporal pattern of atro-
phy.

Transcranial direct current stimulation (tDCS),
a non-invasive neuromodulation technique, is a
promising option for therapeutic intervention on lan-
guage disturbances [2, 3]. In the last years, a small but
growing body of evidence has indicated that tDCS
can modulate the language system in patients with
neurodegenerative diseases, including patients with
PPA [4-12]. These works seem to show significant
improvement in some language functions. Also, some
studies suggest a beneficial effect of the combina-
tion of speech therapy and brain stimulation [13, 14].
However, most of these studies have focused on a
relatively restricted set of linguistic abilities.

Here, we presented the results of a pilot study about
the efficacy and tolerability of tDCS in patients with

PPA. In contrast to most prior studies in which targets
of stimulation were more spatially circumscribed,
we aimed to use a tDCS montage that maximizes
current distribution over a broad network of lan-
guage areas. As a result, we predicted improvement
in a variety of linguistic abilities that could be help-
ful for all PPA subtypes. Consequently, we used a
large battery of language tests to find out which
language field could best benefit from tDCS inter-
vention. In addition, we analyzed intervention-related
changes over language-related areas using task-
based functional magnetic resonance imaging (fMRI)
acquisitions.

MATERIAL AND METHODS

Farticipants

15 PPA patients (four svPPA, five IVPPA, and six
nfvPPA) were recruited from the Catalan Frontotem-
poral Initiative cohort [15]. All participants were
fluent in Spanish or Spanish and Catalan native speak-
ers. All diagnoses were performed by a behavioral
neurologist following the current diagnostic criteria
[1]. Patients were excluded if they had: 1) psychiatric
disorders or neurological diseases other than PPA, 2)
any contraindication for tDCS [16, 17]; 3) patients
with left-hand dominance, 4) severe aphasia defined
as Boston Diagnostic Aphasia Examination<2 or
Boston Naming Test <5 and 5) generalized dementia
defined as Mini-Mental State Exam score< 15 [18,
19].

This study has been carried out in accordance with
the Code of Ethics of the World Medical Associ-
ation (Declaration of Helsinki) and was approved
by the Hospital Clinic Barcelona Ethics Commit-
tee (HCB/2017/0487). Written informed consent was
obtained from all patients.

Study design

This study was a double-blinded, randomized,
cross-over, and sham-controlled tDCS study. Each
patient received two interventions: a) speech therapy
+ active-tDCS or b) speech therapy + sham-tDCS
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stimulation. Each intervention consisted of 1 session
per day for 10 days of speech therapy combined with
active or sham tDCS (Monday — Friday x 2 weeks).
Each participant was first assigned in pseudorandom
order to either active or sham tDCS treatment and
three months later to the opposite intervention. Both
interventions were scheduled at similar time slots
during the day. To ensure a double-blind procedure,
the speech therapy intervention and the evalua-
tions were performed by a researcher blinded to the
intervention (SBE). Figure 1 summarizes the study
design.

tDCS parameters

The multifocal tDCS montage was planned with
the Stimweaver montage optimization algorithm.
This montage is aimed at fitting a global lan-
guage area. tDCS was applied by a multifocal
system (StarStim, Neuroelectrics®) using NG Pis-
tim Ag/AgCl circular electrodes with a 1 cm radius
placed into the holes of a neoprene cap correspond-
ing to the 10/20 international system for electrode
placement, with the central Cz position aligned to
the vertex. Seven electrodes were positioned over
the scalp at Cl1, F7, FC1, FCS, Fpz, P7, and POS8
(Fig. 2). The current delivered during the active ses-
sion lasted 26 min, and it was initially increased
and finally decreased in a ramp-up and ramp-down
of 15s. The maximum current delivered by any
electrode was 2mA, while the maximum current
delivered through all the electrodes was 4 mA. For
the sham condition, the current dosage was com-
posed of a ramp-up of 15 s immediately followed by
a 15-s ramp-down at the beginning and at the end
of the stimulations to mimic the active stimulation.
Electrode impedance was maintained at > 10k<2 and
voltage >26 V.

Clinical evaluation

Formal language evaluation was administered
immediately before the first stimulation session (t0),
immediately following the final stimulation session
(t1), at one month after (t2), and 3 months (t3) after
the intervention. The neuropsychological evaluation
included the following battery of language assess-
ments designed to evaluate a wide range of language
abilities:

1) Phonemic fluency: number or words beginning
with a specified letter produced in 60 s (trained

letters ‘P’, ‘M’, and ‘R’; untrained letters ‘F’,
L S);

2) Semantic fluency: number of words from a
semantic category produced in 60s (Animals,
fruits, and vegetables as trained tasks; clothes
and parts of the body as untrained);

3) Naming (Snodgrass pictures for trained items
and Boston Naming Test for untrained ones);

4) Single-word comprehension (Word-to-picture
matching from the Cambridge Semantic Mem-
ory Test Battery [20] for the trained task and the
Boston Diagnostic Aphasia Examination [19]
for the untrained task);

5) Semantic association where subjects were
asked to choose one of the items that were most
closely associated with one target (Camel and
Cactus [21] and pyramids and palm trees test
[22]);

6) Speech rate: words per minute were measured
while subjects read a text.

To investigate for generalization effects each lan-
guage skill was evaluated by two sets of tests; one of
them using items trained during the speech therapy,
and the other one using untrained items. Two ver-
sions of this language battery were created (A and B),
which contained different items for each task, with
a similar degree of difficulty for the two of them.
Each patient received one battery (A or B) in the
first intervention and the other (B or A) in the second
intervention (Fig. 1).

At the end of each session, participants were
asked to complete a questionnaire to measure the
perceived discomfort caused by the intervention on
a 10-point-scale (0=none, 10=very strong) and
the impression-of-change of their language perfor-
mance (0 =no change, 10 = great improvement). The
blinded researcher (SBE) also scored an impression-
of-change questionnaire.

Neuroimaging procedure

MRI parameters

We also performed neuroimaging analyses in
a subgroup of 7 patients (2 svPPA, 3 nfvPPA,
and 2 1vPPA). These participants performed 4
MRI acquisitions, one before and one after each
intervention. MRI was acquired in a 3 Tesla Siemens
scanner (Magnetom PRISMA) with a 32-channel
head coil. The MRI protocol included accelerated
multi-band sequences adapted from the Human
Connectome Project and provided by the Center
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of Magnetic Resonance Research at the Univer-
sity of Minnesota. All participants underwent
fMRI interleaved acquisitions [T2*-weighted EPI
scans, repetition time (TR)=2000ms, echo time
(TE)=29ms, 353 volumes, 40 axial slices, slice
thickness =2 mm, field of view (FOV)=220mm,
matrix size=128 x 128] during the performance
of a verbal fluency task. In addition, gradient field
map acquisitions and a high-resolution T1-weighted
structural image were obtained for each subject with
a magnetization prepared rapid acquisition gradient-
echo (MPRAGE) three-dimensional protocol
(TR=2300ms, TE=3ms, inversion time =900 ms,
FOV =244mm, Imm isotropic voxel, matrix
size =256 x 256).

Verbal fluency task

Task programming was carried out using the
Presentation package software (Neurobehavioral
Systems), as described in the bibliography [23]. The
fMRI paradigm of verbal fluency consisted of a block
design where each block was formed by three periods
of activation alternating with one-period ‘fixation’
(rest). Activation conditions consisted of ‘repetition’
(repeating continuously the word that appears on
the screen; e.g., mountain), ‘semantic fluency’ (gen-
erating words from a given category; e.g., plants,
furniture, colors), and ‘phonemic fluency’ (generat-
ing words beginning with a particular letter). Each
load lasted 20s and was repeated 6 times (8 min
in total). Categories and letters for the semantic
and phonemic fluency tasks were selected from the
Lexesp-Corco database [24].

Outcomes

The primary outcome measures were a) tolerabil-
ity of the tDCS intervention in PPA patients and b) the
changes observed for each task in z-scores between
pre and post-immediate intervention. Adverse events
were registered for each intervention. Participants
were invited to answer a safety questionnaire scor-
ing how uncomfortable the intervention was (0=no
discomfort; 10 maximum discomfort). Secondary
outcomes included: a) changes observed for each task
in follow-up visits, b) number of subjects who showed
measurable language improvement at any follow-up
visit after the intervention, c) changes in fMRI activ-
ity patterns.

Statistics

All data analyses were performed using RStudio
(version 4.0.2). To normalize comparisons across
different tests, scores on each test were separately
converted to z-scores based on the mean and stan-
dard deviation across all participants and time-points.
Descriptive results were estimated as the mean and
the standard deviation of frequency. Paired T-tests
were used to compare these differences between each
intervention (active versus sham tDCS). Addition-
ally, the effect side of the tDCS intervention was
estimated using paired Cohen’s d test. Multiple com-
parison adjustments with Bonferroni correction were
performed when required. The number of subjects
who showed score improvement after the interven-
tion was compared with the x? test. Additionally, a
linear mixed model was performed to evaluate the
effects of tDCS across the different time-point eval-
uations. All tests were 2-sided, and the significance
threshold was set at p <0.05.

Data from the fMRI were analyzed with the
FEAT-FSL software (FMRIB’s Software Library
version 5.0.6.; http://fsl.fmrib.ox.ac.uk/fsl/; [25]).
We first performed a preprocessing of all individ-
ual fMRI scans, which included non-brain tissue
removal, motion correction, distortion correction
with gradient field map acquisitions (effective EPI
echo spacing 0.56 ms; EPI TE=36ms; 10% sig-
nal loss), spatial smoothing and temporal filtering.
Then, at the first level analysis, data were fit to
a general linear model (GLM) containing the task
time-series with a gamma convolution of the hemo-
dynamic response function [26]. Four regressors
related to the different task blocks and their first
temporal derivatives were modeled in this GLM: ‘fix-
ation’, ‘repetition’, ‘semantic fluency’ and ‘phonemic
fluency’. Then, we defined 2 main contrasts of
interest: ‘phonemic fluency >repetition’ task and
‘semantic fluency >repetition’. The results of the
first-level analyses were further fit into higher-level
or group-level statistics, performed using Local Anal-
ysis of Mixed Effects [27]. We created a group
GLM design to evaluate: 1) session (pre-tDCS ver-
sus post-tDCS) x condition (active versus sham)
interactions and 2) patterns of change between
sessions (pre-tDCS versus post-tDCS) for each con-
dition (active and sham). All these analyses were
performed at a voxel-wise level and the statisti-
cal significance of the resulting maps was set at
p<0.05 and z>3.1 (cluster wise Family-Wise Error
corrected).



1174 S. Borrego-Ecija et al. / Multifocal tDCS Over Speech Therapy in PPA

RESULTS
Farticipants

Table 1 summarizes the demographics and cogni-
tive performance of all patients at baseline. Thirteen
participants completed both interventions. The other
two subjects only complete the active tDCS interven-
tion (one because of disease progression and the other
loss of follow-up).

Safety and tolerability

tDCS was well tolerated in all cases. Mild itch-
ing under one of the anodes during the initial and
final minutes of stimulation was the most frequent
adverse event reported in both interventions. One
subject reported a mild headache during the sham
intervention. No major adverse events were reported.
No significant differences were found between active
and sham tDCS interventions regarding safety ques-
tionnaires (p = 0.436). Table 2 shows the information
on adverse events and the safety questionnaire of all
patients.

Effects of tDCS compared with sham

Immediate post-intervention

No differences were found between the active
tDCS intervention and the sham tDCS interven-
tion in the immediate postintervention evaluation
(p=0.443). Table 3 summarizes the results for
each test. Scores in the trained phonemic flu-
ency were significantly higher for active-tDCS
(median=0.54; sd=0.62) compared to sham-tDCS
(median 0.20; sd=0.55) (t=2.36; p=0.035; cohen
de effect size (d) =0.655). The improvement on the
trained semantic association was also significantly
higher for active-tDCS (median=0.79; sd=0.46)
than to sham-tDCS (median 0.39; sd =0.52) (t=1.73;
p=0.033; d=0.479). Finally, the results in untrained
reading speed was significantly better for active
-tDCS (median =0.31; sd =0.45) compared to sham-
tDCS (median —0.02; sd=0.19) (t=2.89; p=0.016;
d=0.870). None of these results sustained correction
for multiple comparisons. We did not find differences
between interventions in any of the other evaluations.

When comparing the number of subjects who
improved their scores, we did not find any signifi-
cant difference for any evaluated test between active
and sham interventions (Table 2).

Table 1
Demographic and neuropsychological features of the participants

S15
66
Female

S14
70
Female

S13
76
Female

S12

Si1
50
Female

S10
57

Male

S09
59

S08
Female

S07
65
Female

S06

S05
66
Female

S04
55
Female

S03
54
Female

S02
55

Male

SO1
63

57

Male

73

Male

79
Female

Age (y)
Sex

Male

IvPPA

nfvPPA svPPa IvPPA nfvPPA nfvPPA svPPA svPPA 1IvPPA nfvPPA svPPA nfvPPA 1IvPPA nfvPPA

IvPPA

PPA subtype
Duration (y)

MMSE

24 29 19 21 22 27 23 27 22 17 26 25 29 26

24
MMSE, Mimi-Mental State Examination; PPA, primary progressive aphasia.
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Table 2

Adverse events presented by each participant and scores about how uncomfortable the
intervention was (0 =no discomfort; 10 maximum discomfort) in both interventions

Subject Active-tDCS Active-tDCS Sham-tDCS Sham-tDCS
adverse events questionnaire adverse events questionnaire

S01 None 2 NA NA

S02 Mild itching 0 Mild itching 0

S03 Mild itching 0 Headache 0

S04 None 4 None 3

S05 None 3 None 3

S06 None 0 None 0

S07 None 1 Mild itching 1

S08 None 0 None 0

S09 None 4 None 4

S10 None 3 None 5

S11 Mild itching 3 NA NA

S12 None 0 None 1

S13 Mild itching 5 Mild itching 5

S14 None 0 None 0

S15 None 1 None 1

Follow-up fMRI results

Considering all tests together, the linear mixed
model showed improvement in all scores at the
post-intervention immediate and at 1-month follow-
up evaluations for both, active and sham tDCS,
(p<0.01), but no differences between active and
sham tDCS (Table 3). The improvement was not sig-
nificant at 3 months follow-up evaluation (p =0.083).

Figure 3 represents changes across all evaluation
periods in relation to the baseline evaluation for
both interventions and each task. For most tasks, the
general pattern of outcomes showed improvement
immediately following both interventions and decay-
ing over time. No differences between interventions
were found when each test was studied separately.

Effects of tDCS by PPA variant

No significant differences were found between
interventions when we assessed separately each PPA
variant. The Supplementary Material shows results
for each variant separately.

Subjective efficacy questionnaires

No statistical differences were found in the effi-
cacy questionnaires fulfilled by the subjects across
interventions (median of 6 out of 10 points for both
arms; p=0.929). Any subject reported a difference
higher than two points between both arms. In the
same sense, no differences were found in the efficacy
questionnaires fulfilled by the blinded evaluator.

Regarding the evaluated brain activity asso-
ciated with our contrast of interest ‘semantic
fluency > repetition’ we identified a session (pre-
tDCS versus post-tDCS) x condition (active versus
sham) interaction in a cluster encompassing the
right frontal medial cortex and bilateral paracingu-
late gyrus (Fig. 4). Furthermore, the change pre-tDCS
versus post-tDCS was additionally investigated for
each type of intervention. Pairwise analysis for the
active condition showed increased activation after
the active tDCS application in the same area, while
no significant differences were found as regards
the sham condition. On the other hand, there was
no significant session x condition interaction for the
‘phonemic fluency > repetition’ maps.

DISCUSSION

The present work is a double-blinded, sham-
controlled, and cross-over study of the safety and
efficacy of tDCS in combination with speech therapy
in 15 PPA patients. We evaluate the tDCS efficacy
in all three variants of PPA. Previous work assessing
the tDCS efficacy in PPA or other aphasiac disor-
ders widely differs on the location of the stimulation.
For that reason, and to be able to compare between
the different variants of PPA, we performed a multi-
focal stimulation not only in the impaired language
area but in a significant portion of the left hemisphere
(Fig. 2). In the same way, the efficacy of the interven-
tions was assessed by a large battery of six different
language abilities to cover the different impaired fea-



Table 3

Results for the tDCS and the sham intervention in the baseline evaluation (t0), the postintervention evaluation (t1), and difference between interventions (t1-t0) Results are shown in z-scores.

Results were summarized in means with the standard deviation in brackets

Test Subtest Active tDCS Sham tDCS T statistic p Cohen’s d
t0 tl t1-t0 t0 tl t1-t0 Effect size
Phonemic fluency trained —-0.41 (0.88) 0.13 (1.00) 0.54 (0.62) 0.01 (1.13) 0.21 (1.00) 0.20 (0.55) 2.36 0.035 0.655
untrained -0.07 (1.07) 0.11 (0.74) 0.18 (0.77) -0.16 (1.10) 0.36 (1.27) 0.52 (0.66) -1.21 0.248 -0.336
Semantic fluency trained -0.17 (1.03) 0.12 (1.23) 0.29 (0.72) -0.18 (0.93) 0.24 (1.02) 0.42 (0.54) -0.33 0.742 -0.093
untrained -0.24 (0.88) -0.02 (1.13) 0.22 (0.55) —0.03 (1.04) 0.21 (1.19) 0.24 (0.68) 0.20 0.841 0.056
Naming trained 0.05 (0.87) 0.19 (0.82) 0.14 (0.29) -0.21 (1.17) -0.10 (1.16) 0.11 (0.13) 0.29 0.774 0.081
untrained -0.06 (1.02) —0.01 (1.00) 0.05 (0.27) -0.06 (1.03) 0.05 (1.15) 0.11 (0.30) -0.32 0.748 -0.091
Comprehension trained -0.03 (1.22) 0.10 (0.92) 0.13 (0.41) -0.18 (1.22) 0.03 (1.04) 0.21 (0.44) -0.34 0.736 -0.095
untrained 0.01 (0.98) 0.11 (0.78) 0.10 (0.29) -0.21 (1.30) —0.14 (1.27) 0.07 (0.24) 0.31 0.759 0.087
Semantic association trained —0.46 (0.94) 0.33(0.91) 0.79 (0.46) —0.34(0.99) 0.05 (1.14) 0.39 (0.52) 1.73 0.033 0.479
untrained -0.16 (0.94) 0.09 (0.99) 0.25(0.32) -0.31(1.07) 0.06 (1.01) 0.37 (0.41) -1.55 0.147 -0.431
Reading speed trained -0.26 (1.06) 0.18 (1.01) 0.44 (0.34) —0.14 (1.04) 0.09 (0.90) 0.23 (0.52) 1.08 0.307 0.324
untrained -0.25 (1.04) 0.06 (0.98) 0.31 (0.45) -0.02 (1.11) -0.04 (1.01) -0.02 (0.19) 2.89 0.016 0.870
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Fig. 3. Change in performance in each time-point from baseline. The y-axis represents z-score change from the baseline and the x-axis
represents each time-point. Real tDCS outcomes are painted in green and sham outcomes painted in red.

tures of the different PPA subtypes and to identify if
some language functions are more prone to improve-
ment with the tDCS therapy than others. In addition,
we also evaluated differences in fMRI pre and post-
interventions in a subgroup of patients.

In consonance with previous work, our study
reveals that the tDCS intervention is safe and was
well tolerated in PPA patients [10, 28-30]. No severe
adverse events occurred during or after the interven-
tions.

Our results did not find differences in any of the
evaluated language tasks between the active and the
sham tDCS interventions. We found a trend for bet-
ter outcome with the active tDCS intervention in
the trained phonemic fluency, the trained semantic
association and the untrained speed-reading tasks,
but these differences were not statistically significant
after the multiple comparisons correction. Previ-
ous works had also shown a possible benefit of
active tDCS in semantic association. Teichman et al.
reported the efficiency of left-excitatory and right-
inhibitory tDCS over the anterior temporal areas in
patients with svPPA [10]. As far as we know, no pre-
vious studies have evaluated the effect of tDCS in

reading. Some reasons could explain our negative
results. First, the multifocal approach performed in
our study, although has been proven to be able to
increase cortical excitability, could not be effective
in modulating the language network in PPA patients
[31-33]. Second, the small size of our sample implies
a low statistical power. This would make it possible
that existing differences between interventions might
not be detected by our study.

Of note, we found an improvement in language
abilities in a considerable number of subjects after
both, active and sham tDCS stimulations. A growing
evidence base supports the utility of speech treatment
approaches in PPA [34-36]. Although previous stud-
ies had shown a positive impact of speech therapy,
the design of our study cannot conclude whether the
language improvement is due to the speech-therapy, a
learning effect in the test scores, or a placebo effect. In
any case, this finding points out the relevance of using
a sham intervention as a control in tDCS studies.

We also evaluated the mid-term outcomes of the
interventions. Even if we did not find differences
between active and sham tDCS stimulation, the par-
ticipants showed improvement in the language scores
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Table 4
Linear mixed model including intervention and time-point evaluations. Scores were calculated as a composite of all evaluated tests
Estimate Std. Error t p

Intervention (sham versus active tDCS) 0.0147 0.1098 0.1345 0.8929
Time-point

Post intervention 0.2832 0.1064 2.6617 <0.01
1 month 0.2951 0.1064 2.7730 <0.01
3 months 0.1847 0.1064 1.7361 0.0827
Interaction intervention : time-point

Intervention : postintervention —0.0443 0.1553 —-0.2850 0.7756
Intervention : 1 month -0.1325 0.1553 -0.8554 0.3924
Intervention : 3 months -0.0734 0.1553 -0.4728 0.6363

3.1

3.8

Z=-14 Z=-2

Fig. 4. Significant maps for the session (pre-tDCS versus post-
tDCS) x condition (active versuss sham) interaction during the
‘semantic fluency > repetition’ contrast, showing increases of acti-
vation in the active condition compared to sham after the tDCS
intervention in the right frontal medial cortex and bilateral paracin-
gulate gyrus (corrected p <0.05 and z>3.1).

immediately after the intervention that decayed over
time. The linear mixed model revealed significantly
better outcomes in the post-intervention and the one-
month follow-up, but not in the 3 months follow-up.
These results, seen in both trained and untrained
tasks, suggest a benefit attributable to speech therapy,
a factor common to both interventions [35, 37-39].
The brain fMRI evaluations showed significant
changes after both interventions in a subgroup of
patients: increased activity in the right frontal medial
cortex and the bilateral paracingulate gyrus. These
two areas do not correspond with any of the cortical
areas stimulated, however distal changes induced by
tDCS and capture by fMRI activity patterns have been
reported in previous investigations [40]. Increased
activity in the active tDCS group was observed in
the anterior cingulate/paracingulate cortex, a brain
region that holds a potential role in language pro-
cessing, in particular for tasks that require cognitive
control. The frontal medial cortex has also been
involved in word-generation studies [41, 42]. As the
3 PPA variants exhibit fluency repetition impairment
due to different language deficits, these changes in
brain activity might reflect compensatory mechanism

that support tDCS-induced language improvements
[43].

Our study has some relevant limitations. First, as
mentioned before, the sample of our study is small.
This is justified because PPA is a rare disease. How-
ever, a small sample size implies a low statistical
power, especially for the differences found in sub-
groups of PPA variants. Another limitation of the
study is the lack of control groups (without any type
of brain stimulation or even without speech-therapy)
that provide information about the natural course of
the disease. By contrast, one of the strengths of our
study is that we evaluated a large battery of differ-
ent language capabilities in the three different PPA
subtypes. This approach would allow defining which
potential PPA variants and which language skills are
more likely to benefit from tDCS stimulation in case
effectiveness is observed with larger sample size.

In summary, tDCS was safe and well-tolerated in
PPA patients. However, our study did not find differ-
ences in language outcomes between speech therapy
associated with active or sham tDCS stimulation. The
fMRI analyses showed increased activity after the
active tDCS intervention of unknown clinical signifi-
cance. Nevertheless, this finding suggested that tDCS
could be a relevant therapeutic technique in PPA
patients because it holds the potential to modulate
brain functioning during a language task paradigm.
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Article 3:

Barcelona scale for buccophonatory apraxia: Quantitative assessment tool

RESUM

Introduccio: Actualment no hi ha una eina que permeti quantificar I'apraxia buco-
fonatoria per estratificar, comparar i monitoritzar longitudinalment els pacients de
manera objectiva. El nostre objectiu en el present treball és crear una escala
quantitativa per a l'apraxia bucofonatoria i avaluar-la en pacients amb la variant no
fluent/agramatical de l'afasia progressiva primaria (vnfAPP) i altres malalties

neurodegeneratives que cursen amb problemes de la parlai/o llenguatge.

Metodes: Es va dissenyar una escala a partir d'elements utils en I' exploracié de I'
apraxia bucofonatoria i es va quantificar el total en segons. Es va administrar l'escala a
64 participants amb diagnostics de vnfAPP, variant semantica de 1'afasia progressiva
primaria (vsAPP), variant logopénica de l'afasia progressiva primaria (vlIAPP), malaltia

de Huntington, malaltia de Parkinson, aixi com també a un grup de controls sans.

Resultats: Els pacients van mostrar una puntuacié significativament més alta en
comparacié amb els controls. El grup de vnfAPP va obtenir la puntuacié mitjana més
alta de l'escala (429 segons + 278). L'escala va ser util per diferenciar la vnfAPP de la
svAPP i la malaltia de Parkinson (area sota corba [AUC] de 0,956 i 0,989
respectivament), pero menys per diferenciar-la de la malaltia de Huntington (AUC =
0,67) ila lvAPP (AUC 0,771). Hi va haver una relacié estadisticament significativa entre

la puntuaci6 total i la gravetat de la malaltia en la nfvPPA (p < 0,029).
Conclusions: L'escala Barcelona per a l'apraxia buccofonatoria podria ser util per

avaluar  quantitativament l'apraxia bucofonatoria en diferents malalties

neurodegeneratives, i comparar pacients, especialment amb la nfvAPP.
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Abstract

Introduction: Currently there is no tool to quantify buccophonatory apraxia to stratify, com-
pare and monitor patients longitudinally in an objective manner. Our aim in this study is to
create a quantitative scale for buccophonatory apraxia and evaluate it in patients with the
non-fluent/grammatical variant of primary progressive aphasia (nfvPPA) and other neurodegen-
erative diseases that occur with speech and/or language problems.

Methods: The scale was designed based on useful elements in the assessment of buccophona-
tory apraxia and the total was quantified in seconds. The scale was administered to 64
participants with diagnoses of: nfvPPA, semantic variant of primary progressive aphasia (svPPA),
logopenic variant of primary progressive aphasia (lvPPA), Huntington’s disease, Parkinson’s
disease, as well as a group of healthy controls.

Results: Patients showed a significantly higher score compared to controls. The nfvPPA group
had the highest mean score on the scale (429 seconds + 278). The scale was useful to differ-
entiate vnfPPA from svPPA and Parkinson’s disease (area under curve [AUC] of 0.956 and 0.989,
respectively), but less to differentiate it from Huntington’s disease (AUC = 0.67) and lvPPA.
There was a statistically significant relationship between total score and disease severity in
nfvPPA (P < .029).

Conclusions: The Barcelona scale for buccophonatory apraxia could be useful to quantita-
tively evaluate buccophonatory apraxia in different neurodegenerative diseases, and compare
patients, especially in nfvPPA.
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PALABRAS CLAVE
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Apraxia no verbal;
Afasia progresiva

Escala Barcelona para la apraxia bucofonatoria: instrumento de evaluacion
cuantitativo

Resumen

Introduccion: Actualmente no existe una herramienta que permita cuantificar la apraxia buco-
fonatoria para estratificar, comparar y monitorizar longitudinalmente a los pacientes de manera
objetiva. Nuestro objetivo en el presente trabajo es crear una escala cuantitativa para la apraxia
bucofonatoria y evaluarla en pacientes con la variante no fluente/agramatical de la Afasia Pro-
gresiva Primaria (vnfAPP) y otras enfermedades neurodegenerativas que cursan con problemas

Métodos: Se diseiid una escala a partir de elementos Utiles en la exploracion de la apraxia
bucofonatoria y se cuantifico el total en segundos. Se administro la escala a 64 participantes con
diagnosticos de: vnfAPP, variante semantica de la Afasia Progresiva Primaria (vsAPP), variante
logopénica de la Afasia Progresiva Primaria (VIAPP), enfermedad de Huntington, enfermedad

Resultados: Los pacientes mostraron una puntuacion significativamente mayor respecto a los
controles. El grupo de vnfAPP presento la puntuacion media mas alta en la escala (429 segun-
dos 4 278). La escala resulto Gtil para diferenciar la vnfAPP de la vsAPP y de la enfermedad
de Parkinson (area bajo la curva [AUC] de 0.956 y 0.989 respectivamente), pero menos para
diferenciarla de la enfermedad de Huntington (AUC = 0.67) y de la VIAPP (AUC = 0.772). Exis-
tioé una relacion estadisticamente significativa entre la puntuacion total y la gravedad de la

Conclusiones: La escala Barcelona para la apraxia bucofonatoria podria ser Gtil para evaluar
cuantitativamente la apraxia bucofonatoria en diferentes enfermedades neurodegenerativas,

© 2022 Sociedad Espafiola de Neurologia. Publicado por Elsevier Espana, S.L.U. Este es un
articulo Open Access bajo la licencia CC BY-NC-ND (http://creativecommons.org/licenses/by-

primaria;

Enfermedad de

Parkinson;

Enfermedad de del habla y/o lenguaje.

Huntington
de Parkinson, asi como a un grupo de controles sanos.
enfermedad en la vnfAPP (P < .029).
y comparar pacientes, en especial en la vnfAPP.
nc-nd/4.0/).

Introduction

Primary progressive aphasia (PPA) is a neurodegenerative disorder
characterised by progressive language impairment.’ The condition
is classified into 3 clinical variants according to the clinical charac-
teristics of language impairment?: 1) semantic variant PPA (svPPA),
characterised by progressive loss of semantic knowledge, leading
to problems with naming and understanding of isolated words; 2)
logopenic variant PPA (lvPPA), characterised by word-finding diffi-
culties both in naming tasks and in spontaneous speech, as well as
difficulties with sentence repetition; and 3) nonfluent/agrammatic
PPA (nfvPPA), characterised by agrammatism in language produc-
tion and/or verbal apraxia, causing slowed, effortful speech, with
frequent speech sound errors and distortions. Some cases of PPA
cannot be classified as any of these variants or present mixed char-
acteristics.

Verbal apraxia, also known as apraxia of speech, is an impair-
ment of motor programming of speech resulting from neurological
injury. It causes impairment in spatial and temporal planning and
programming of the movements of the phonatory muscles that
produce vocal sounds.? It also causes articulatory inconsistency,
dysprosody, and slowed rate of speech.* Slowed speech, prolonged
words or segments, and sound distortions have frequently been
described in these patients.?

Patients with nfvPPA may also present difficulty imitating or
performing nonverbal movements or gestures. This is known as
nonverbal apraxia, or buccofacial apraxia, and is defined as the
inability to efficiently produce or imitate movements involving the
face, tongue, mouth, jaw, or palate on command. Impairment
involves respiratory and oral structures, with relative preservation
of the ability to produce semiautomatic actions and reflex move-

ments.® Verbal apraxia and nonverbal apraxia frequently co-present
in patients with nfvPPA.

In clinical practice, several instruments have been developed
for the assessment of verbal apraxia with a view to assisting in dif-
ferential diagnosis with such other speech disorders as aphasia and
dysarthria. According to our literature search, no validated Spanish-
language versions of these tools have been published. Most of the
clinical tools available are targeted at English-speaking popula-
tions. The Motor Speech Evaluation assesses different speech tasks,
including vowel prolongation; syllable, word, and phrase repetition;
reading of a text; and picture description.” The Apraxia Battery
for Adults-Second Edition is a standardised instrument including 6
subtests evaluating the diadochokinetic rate, repetition of words
of different lengths, and oral movements, among other tasks.®
The Apraxia of Speech Rating Scale evaluates the presence, rel-
ative frequency, and severity of characteristics associated with
verbal apraxia.’ Most of these scales were conceived as diagnos-
tic tools. However, they are all based on the evaluator’s subjective
judgement. As a result, they are less useful for evaluating disease
progression or treatment response. Such other tools as articula-
tion rate involve sophisticated analysis of voice recordings.'0~12
Regarding the assessment of nonverbal apraxia, the nonverbal oral
agility test included in the oral agility domain of the Boston Diag-
nostic Aphasia Examination (BDAE) quantifies nonverbal agility of
the tongue and lips, scoring the number of repetitions in 5 sec-
onds." The Apraxia Battery for Adults-Second Edition, mentioned
previously, also includes a subtest for the assessment of nonverbal
apraxia, scored from 0 to 5, with 0 indicating inability to perform
a movement and 5 indicating correct movement performance. In
some studies, nonverbal apraxia has been evaluated with an ad hoc
protocol. '
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Despite the assessment tools mentioned above, we still lack
a practical, simple, objective scale for the quantitative rating of
verbal and nonverbal apraxia, which is particularly necessary for
nfvPPA. We decided to design a Spanish-language scale, as well as
a Catalan-language version, for the global assessment and monitor-
ing of buccofacial apraxia. In view of the high frequency of other
speech and language disorders, such as dysarthria and aphasia, in
other neurodegenerative diseases, we also administered the scale
to patients with speech alterations secondary to other neurodegen-
erative diseases.

Material and methods

Participants

The study was approved by the ethics committee at Hospital Clinic
de Barcelona. All patients were recruited at the day hospital for
neurodegenerative diseases of Hospital Clinic de Barcelona.

To be included in the study, participants had to be diagnosed
with PPA; Huntington disease (HD), or Parkinson’s disease (PD) by
an expert neurologist, according to the current diagnostic crite-
ria.21%16 In order to ensure the clinical applicability of the scale to
patients with speech and language disorders, each diagnostic group
included only individuals presenting these disorders. Diagnosis of
these disorders was confirmed by a speech therapist or neuropsy-
chologist using the BDAE and the Frenchay Dysarthria Assessment
(FDA)."3:17 We excluded all patients with normal results on the FDA.
To prevent the inclusion of patients with advanced dementia, we
only selected patients scoring above 15 points on the Mini—Mental
State Examination. The stage of the disease was determined as
follows. For PPA, we used the BDAE to evaluate the severity of
speech impairment (BDAE 4 = mild, BDAE 3-2 = moderate, BDAE
1 = severe)."? For PD, we used the Hoehn and Yahr Scale (scores of
1-2 points = mild, 3 = moderate, 4-5 = severe).'® For HD, we used
Myers’ functional scale, with scores > 80 indicating mild HD, scores
80-50 indicating moderate HD, and scores < 50 indicating severe
HD.'? A neurologist and a neuropsychologist specialising in dementia
evaluated patients with PPA using language and speech tasks (spon-
taneous speech, picture description, and sentence repetition)'3 to
obtain a profile of language and speech characteristics.

The control group included healthy volunteers specifically
recruited for this study; they had no history of psychiatric or neu-
rological disease, and presented normal spontaneous speech.

Assessment scale

The Barcelona scale was designed using items included in differ-
ent assessment tools for verbal and nonverbal apraxia: the Motor
Speech Evaluation’ and its non-validated Spanish-language version,
the FDA,"” the nonverbal agility subtest of the BDAE,' the buc-
cofacial apraxia test of the Ducarne Aphasia Battery,?’ and the
aphasia examination test published by Gonzalez and Borregon.2! We
reviewed the different items, and included those evaluating artic-
ulation and buccofacial movements. We also reviewed the scoring
system of each item. The following basic principles of item cons-
truction were considered: representativeness, relevance, diversity,
clarity, simplicity, and comprehensibility. To select the best items,
we considered the difficulty index (verbal and nonverbal), the dis-
crimination index, and differential item functioning. We used the
Crosslinguistic Overlap Scale for Phonology?? to analyse the phono-
logical overlap between English and Spanish words. The Barcelona
scale for buccofacial apraxia was administered by a speech therapist
specialising in neurodegenerative diseases (NM). The scale provides
a total score (in seconds) and includes 2 subscales (one for non-
verbal apraxia and the other for verbal apraxia). The nonverbal
apraxia subscale evaluates the time taken for the participant to
perform 5 repetitions of different oral sounds and gestures with the

face, tongue, and lips (13 items). The verbal apraxia subscale con-
tains 14 items, evaluating 5 domains: phonation (1 item), simple
diadochokinesis (3), alternating diadochokinesis (3), repetition of
multisyllabic words (5), and sentence reading (2). The instructions
were clear and concise, and were given either verbally or as a model
for repetition. All participants understood the instructions. Perfor-
mance time was measured with a stopwatch, starting at the time
when the participant began to perform the first gesture and stopping
when they completed the last repetition. We recorded the number
of seconds needed to complete the 5/10 repetitions required for
each item (Appendix A, Supplementary data).

Two versions of the scale were created: one in Spanish and the
other in Catalan. The scale was administered in the native or most
dominant language of each participant (in Catalan for 36 patients
and 15 controls, and in Spanish for 28 patients and 4 controls).

Scoring

The total score is expressed in seconds, and is calculated by com-
bining the scores of each item. It indicates the number of seconds
a participant needed to complete all the tasks; therefore, higher
scores indicate poorer performance. The stopwatch used for mea-
surements had a precision of one-tenth of a second; values were
rounded up to the nearest whole number. All 64 patients completed
the 30 items of the scale, resulting in a total of 1920 items. Four
patients (3 with nfvPPA and one with LvPPA) failed to complete one
item (6.25% of patients and 0.21% of items); therefore, the percent-
age of failed items was extremely low. In these cases, a score of 50
was assigned to the item; this is twice the worst score recorded
among all the patients who completed the task. Therefore, it is
unlikely that a patient who completes the task will score above 50
and, consequently, score higher than patients unable to complete
it. We established this procedure in order to enable comparison of
scores for patients unable to complete a task.

Statistical analysis

Statistical analysis was performed with the RStudio software (ver-
sion 4.0.2). Comparisons between groups were performed with
non-parametric tests. Statistical significance was set at P < .05
for all analyses. Qualitative variables were analysed with Fisher’s
exact test. The Kruskal-Wallis test was used to compare quantita-
tive values between 3 or more groups. Comparisons between pairs
of values were performed with the Wilcoxon test, adjusting the
P-value for multiple comparisons with the Bonferroni correction.
We plotted ROC curves and calculated the area under the curve
(AUC) to compare test performance between diagnostic groups.
We correlated verbal and nonverbal apraxia scores using the non-
parametric Spearman’s correlation coefficient. To control for the
effects of other variables on the results of the scale, we performed
a multivariate analysis including total scale score as the dependent
variable and group, age, sex, and disease severity as independent
variables.

Results

Participants

A total of 64 individuals participated in the study: 7 with svPPA,
17 with vPPA, 13 with nfvPPA, 12 with HD, and 15 with PD. We
also included 19 neurologically healthy controls. Table 1 provides a
summary of the sample’s demographic and clinical characteristics.



Table 1 Demographic and clinical characteristics of the sample.

Controls PD HD SVPPA lvPPA nfvPPA P
No. 19 15 12 7 17 13
Men/women 7/12 12/3 8/4 3/4 3/14 6/7 <.01*
Age, mean (SD) 56.7 (13.3) 68.6 (7.4) 53.7 (6.0) 68.6 (6.3) 70 (6.6) 68.4 (9.8) <.001**
Disease severity
Mild NA 10 5 3 4 2
Moderate NA 5 5 4 13 8 < .05
Severe NA 0 2 0 0 3
Scores
Nonverbal oral agility (s) 30 (20-40) 52 (35-72) 123 (66-317) 63 (48-85) 74 (43-167) 194 (60-480) <.001
median (range)
Simple diadochokinesis (s) 6 (6-12) 16 (19-35) 23 (7-20) 16 (12-20) 18 (9-31) 24 (10-63) <.001
median (range)
Alternating diadochokinesis 7 (5-10) 12 (5-19) 21 (17-35) 15 (10-18) 15 (10-29) 25 (16-113) <.001
(s) median (range)
Phonation (s) median (range) 2 (2-3) 5 (2-8) 8 (7-11) 6 (5-9) 6 (3-12) 10 (4-21) <.001
Sentence reading (s) median 2 (2-6) 4 (2-6) 7 (5-12) 6 (4-10) 6 (2-15) 10 (5-35) <.001
(range)
Word repetition (s) median 21 (17-26) 33 (25-67) 58 (48-104) 44 (21-52) 70 (23-390) 104 (40-361) <.001
(range)
Total score (s) median 71 (56-84) 130 (81-179) 240 (171-451) 158 (107-172) 193 (115-505) 369 (157-966) <.001

(range)

HD: Huntington disease; lvPPA: logopenic variant primary progressive aphasia; NA: not applicable; nfvPPA: nonfluent/agrammatic primary progressive aphasia; PD: Parkinson’s disease; SD:
standard deviation; svPPA: semantic variant primary progressive aphasia. P-values correspond to the Fisher exact test for qualitative variables and the Kruskal-Wallis test for quantitative

variables.

“ The PD and vPPA groups presented significant differences in sex distribution.

™ Controls and patients with HD were significantly younger than the remaining patient groups.

™ Significant differences between patients with PD and nfvPPA.

‘1@ 32 0JaliaH °r ‘el193-053.110g *S ‘NGRIUOW N

‘9LL1L-ONITUN

8598k JO "ON

[9PON+



+Model
NRLENG-1776; No. of Pages8

Neurologia XXX (XXXX) XXX—XXX

A
Simple diadochokinesis Alternating diadochokinesis Phonation Sentence reading Word repetition
ns Gl ns ns 600 ns

— — [ = =1

. " 30 W 50 " P
1 | | S B | (O N | 1 1

ns 1501 ns ns ns *
75 * *x . wx *x
— T T 1 — T 1 17 R R T | 40 ——— e I s
** - wxx *x P

T
.
201
1004

ﬁ;'*$$ ++4$%

-*+§¢

400+ 1

30

20
200+

o

)

L

0 0 01
Controls PD HD  svPPA IVPPA nfvPPA Controls PD HD  svPPA IVPPA nfvPPA Controls PD HD svPPA IVPPA nfvPPA Controls PD HD svPPA IVPPA nfvPPA Controls PD HD svPPA IVPPA nfvPPA
ns = 1500 -
- - -

7501 600

T .I T 1000 1 T .\
g 500+ g 400 g
O O O
w . w w
5001 *
.
2509 200
== [ q;
— 1 —— ——
04 04 0
Controls PD HD svPPA IVPPA nfvPPA Controls PD HD svPPA IVPPA nfvPPA Controls PD HD svPPA IVPPA nfvPPA
Figure 1  Total scale scores, by group and subtest. A) Verbal apraxia subtest scores; B) total verbal apraxia scores; C) nonverbal

apraxia score; D) total scale score.

HD: Huntington disease; lvPPA: logopenic variant primary progressive aphasia; nfvPPA: nonfluent/agrammatic primary progressive
aphasia; ns: not significant; PD: Parkinson’s disease; svPPA: semantic variant primary progressive aphasia.

*P < .05; **P < .01; ***P < .001; ****P < .0001.

Total scale scores by group

Fig. 1 and Table 1 present verbal apraxia subtest scores, total verbal
apraxia score, nonverbal apraxia score, and total scale scores for
each group. Mean (SD) total score in the control group was 69 sec-
onds (8). Patients presented significantly higher mean scores than
controls both for total scale score (242 s [173]) and for subtest scores
(P < .01 for all comparisons).

The nfvPPA group displayed the highest scores (429 s [278]), scor-
ing significantly higher for the total scale score as compared with
the remaining groups, except the HD group. However, we did find
significant differences between patients with nfvPPA and those with
HD in total verbal apraxia score (P < .05). We also observed signifi-
cant differences between the 3 PPA subtypes, with the nfvPPA group
showing the poorest performance and the svPPA group presenting
the best performance (P < .001 for all comparisons).

A multivariate linear regression analysis including the control
variables age, sex, and disease severity also revealed significant
differences in total scale score between the nfvPPA group and the
remaining groups (Table 2).

A correlation was found between total verbal apraxia score and
nonverbal apraxia score (Spearman rho = 0.86; P < .0001) (Fig. 2).

ROC curves for discrimination between diseases

We evaluated the scale’s ability to discriminate between nfvPPA
(the group with the highest scores) and the remaining diseases
(Fig. 3). ROC curves for discrimination of nfvPPA from svPPA and
PD showed very good AUC values (0.956 and 0.989, respectively).
The scale was found to be less useful for discriminating between
nfvPPA and HD (AUC = 0.647) and between nfvPPA and (vPPA (AUC =
0.771).

The optimal cut-off point for differentiating nfvPPA from the
remaining diseases was 215 seconds, with a sensitivity of 84% and
a specificity of 78% for identifying buccofacial apraxia in patients
with nfvPPA.

Total scale scores by disease severity

Fig. 4 shows the mean total scale scores for each patient group
by severity. We observed a trend toward higher total scale scores
in patients with greater disease severity in all groups except for
the svPPA group; this association was statistically significant in the
nfvPPA group (P < .029).
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Table 2 Multivariate linear regression analysis.

B Standard deviation Lower bound 95% ClI Upper bound 95% CI P

Intercept 330.5 80.4 316.1 632.6 < .001
Age —0.2 1.1 —2.4 1.9 .806
Sex (women vs men) 12.7 22.0 —31.1 56.6 .564
Diagnosis (vs nfvPPA)

Controls —250.9 40.0 —330.3 —170.8 < .0001

PD —210.9 36.6 —283.9 —138.1 < .0001

HD —138.4 38.7 —215.7 —61.2 < .001

LvPPA —113.2 34.3 —181.5 —44.9 <.01

sVPPA —184.5 42.4 —269.1 —100.0 < .0001
Severity (vs mild)

Moderate 30.7 25.9 —21.0 82.5 .240

Severe 400.6 47 1 306.7 494.6 < .0001

Cl: confidence interval; HD: Huntington disease; lVvPPA: logopenic variant primary progressive aphasia; nfvPPA: nonfluent/agrammatic
primary progressive aphasia; PD: Parkinson’s disease; svPPA: semantic variant primary progressive aphasia.

Bold values correspond to statistically significant values.
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Discussion

We designed a tool for the assessment of buccofacial apraxia with a
view to objectively quantifying this alteration among patients with
speech alterations and establishing comparisons between different
patient profiles.

Most diagnostic and assessment scales for verbal apraxia, includ-
ing the Apraxia of Speech Rating Scale and the Motor Speech
Evaluation, are based on qualitative or semiquantitative data, and
consequently depend on the rater’s subjective judgement.”>° Our
scale, in contrast, provides a quantitative measure, that is the time
taken for a subject to complete a series of tasks, thus avoiding rater
subjectivity. Future studies should aim to analyse the scale’s inter-
rater reliability and usefulness for monitoring the progression of
apraxia. Regarding nonverbal apraxia, the nonverbal oral agility test
of the BDAE does quantify nonverbal agility by recording the number
of repetitions completed in 5 seconds (eg, contracting and relaxing
the lips, opening and closing the mouth, sticking the tongue out and
back in)."3 However, this test does not evaluate verbal agility, but
rather focuses on movements of the tongue and lips.

The Barcelona scale for buccofacial apraxia was found to
be useful for discriminating between nfvPPA and PD (AUC =
0.989): although patients with PD also present speech alterations
(eg, dysarthria), buccofacial and verbal volitional movements are
frequently better preserved. The scale was also useful in differenti-
ating nfvPPA from svPPA (AUC = 0.956) due to preservation of motor
function in the latter, with patients presenting more alterations in
language than in speech production. However, the scale was less
useful for discriminating between nfvPPA and HD (AUC = 0.647) due
to the greater oral motor difficulties and slowed speech observed
in the latter patient group. It is also less useful for differentiating
between nfvPPA and vPPA (AUC = 0.771), probably due to the high
number of repetitions these patients make with increasing length
and phonetic complexity of utterances, especially in the item eval-
uating word repetition. Patients with lvPPA present high total scale
scores, similarly to patients with nfvPPA.

Our results showed that patients at more advanced stages of the
disease achieved poorer scores, with a trend toward higher scores
in patients with more severe disease across groups, with the excep-
tion of svPPA; this trend was statistically significant for the nfvPPA
group (P < .029). This suggests that the Barcelona scale may be
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used to evaluate clinical progression and response to therapeutic
interventions.

The main limitation of our study is the small sample size,
which is explained by the low prevalence of some of the diseases
included. Although the sample size enabled us to detect signifi-
cant differences between groups, subgroup comparisons (eg, by
disease severity) are greatly limited. Another important limitation is
derived from the fact that, although the scale was designed to quan-
tify verbal and nonverbal apraxia, scores also seem to be influenced
by speech and language alterations other than apraxia, as parti-
cipants without apraxia (eg, patients with [vPPA or PD) presented

higher scores than controls. Likewise, we did not analyse inter-rater
reliability. Finally, although our results suggest that scores increase
with disease progression, no longitudinal data are available.

In conclusion, our results suggest that the Barcelona scale may
be a useful tool for the quantitative assessment of buccofacial
apraxia in different neurodegenerative diseases, helping to discrim-
inate between these diseases, especially in the case of nfvPPA.
Quantitative data may help to measure longitudinal changes and
response to potential therapeutic interventions. These findings
should be validated in larger samples, and ideally in longitudinal
studies.
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Article 4:
-en proceés de revisio -

Effects of Script Training in the three variants of Primary Progressive Aphasia

RESUM

FINALITAT: L'afasia progressiva primaria (APP) es caracteritza per un empitjorament
progressiu de la parla i/o llenguatge d'origen neurodegeneratiu. L'entrenament de
guions és un enfocament terapeutic que promou la produccié automatitzada de la parla
mitjancant la practica repetida del contingut d’'un guié. L'objectiu del present estudi va
ser avaluar l'acceptabilitat, viabilitat i efectes d'una versi6 modificada del Video
Implemented Script Training for Aphasia (VISTA) en les tres variants de I’APP i
comparar els efectes de la teleterapia versus I'administracié presencial.

METODES: Es va administrar la versié modificada del VISTA a 13 participants amb APP
els quals van ser entrenats amb un gui6 individualitzat dues vegades per setmana,
durant vuit setmanes. El rendiment de les mesures relacionades amb la precisi6 del
guio, el contingut i les qualificacions subjectives en quant a la qualitat global de la
producci6 es van avaluar a l'inici de la intervenci6, immediatament després i als tres i
sis mesos després de la intervencio.

RESULTATS:. No es van observar diferéncies significatives en funcié de la modalitat
d'intervenci6. Pel guié entrenat, els participants van mostrar millores significatives en la
post intervencié en la produccié de guions, I'is de sinonims, 1'is de paraules clau i la
qualitat global. Es va observar un manteniment als tres i sis mesos de seguiment per la
produccié de guions i sinonims. Van mostrar una millora significativa en la qualitat
global no entrenada immediatament després de la intervencié6. El compromis i la
satisfaccié van ser alts i comparables entre les modalitats de tractament.

DISCUSSIO: El VISTA modificat va ser acceptable i efica¢ en les tres variants de 'APP,
com ho demostren les millores en una gamma més amplia de mesures de resultats

que en els estudis anteriors.
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ABSTRACT

PURPOSE: Primary progressive aphasia (PPA) is characterized by the progressive worsening of
speech and/or language of neurodegenerative origin. Script training is a therapeutic approach
that promotes automatized speech production using repeated practice of scripted content. The
purpose of the present study was to evaluate the acceptability, feasibility and effects of a
modified version of Video Implemented Script Training for Aphasia (VISTA) in the three PPA

variants and to compare the effects of teletherapy versus in-person administration.

METHODS: Modified VISTA was administered to participants with all three PPA variants.
Participants were trained on an individualized script twice per week, over eight-weeks.
Performance on measures related to script accuracy, content, and subjective ratings of the
quality of production were evaluated at baseline, immediately post, and at three- and six-

months post-intervention.

RESULTS: Thirteen participants were included (semantic variant PPA, n=5; logopenic variant PPA,
n=5; and nonfluent/agrammatic variant PPA, n=3). No significant differences were observed
based on the intervention modality. For the trained script, participants demonstrated significant
improvements from pre- to post-intervention in script production, synonym production,
keywords, and global quality. Maintenance was observed when comparing performance at post-
intervention relative to three- and six-month follow-up for script and synonym production. A
significant improvement in the untrained global quality was observed immediately after the
post-intervention. Engagement and satisfaction were high and comparable across the treatment

modalities.



DISCUSSION: Modified VISTA was acceptable and effective across the three variants of PPA, as
evidenced by improvements in a broader array of outcome measures than those previously

reported.

KEYWORDS: Primary Progressive Aphasia; intervention; script training; teletherapy



1.INTRODUCTION

Primary progressive aphasia (PPA) is a clinical syndrome characterized by progressive
worsening of speech and/or language due to an underlying neurodegenerative process, with
relative sparing of other cognitive and behavioral abilities (Mesulam, 1982; Gorno-Tempini et
al., 2011; Olney et al., 2017). Currently, three PPA variants have been described, each with a
different profile of speech and/or language impairment. Semantic variant PPA (svPPA) presents
with loss of vocabulary and semantic deficits, including impairment of single-word
comprehension (Gorno-Tempini et al., 2011; Gil-Navarro et al., 2013; Marshall et al., 2018)
logopenic variant of PPA (IvPPA) is associated with impaired word retrieval, sentence repetition,
and phonological errors (Gorno-Tempini et al.,, 2011; Gil-Navarro et al., 2013). Non
fluent/agrammatic variant PPA (nfvPPA) presents with apraxia of speech and/or agrammatism
(Gorno-Tempini et al., 2011; Gil-Navarro et al., 2013; Croot et al., 2012; De Leon et al., 2019). A
minority of patients present with mixed features, thus leading to the categorization of these
individuals as having “unclassifiable” PPA (Gorno-Tempini et al., 2011; Harris et al., 2013;
Montembeault et al., 2018).

Research studies on the effects of behavioral speech-language intervention in PPA have
increased in the last couple of decades (e.g., Croot et al., 2009; Kortte and Rogalski, 2013; Jokel
et al., 2014; Rising 2014; Tippett et al., 2015) but are still sparse compared with post-stroke
aphasia. Several intervention and compensatory strategies have been successfully used in
patients (Pagnoni et al., 2021). One of these interventions, broadly known as script training,
focuses on the repeated practice of scripted content to promote automated and fluent speech
production. Script training has a long history in stroke-induced aphasia literature (e.g., Cherney
et al., 2008; Cherney, 2012; Goldberg et al., 2012; Hubbard et al., 2020; Grasso et al., 2019; Rafi

et al., 2028; Rhodes et al., 2018) and has been shown to have a positive effect on encoding,



retrieval, and accurate production of scripted content (i.e., percentage of accurately produced
scripted words) as well as on speech rate (i.e., number of script related words produced per
minute) (Cherney, 2012). The theoretical underpinnings of script training are derived from the
instance theory of automatization, which suggests that the automaticity of instances or episodes
of learning is achieved by retrieving memories linked to a context. The goal of script training is
to achieve fluent automatic speech by repeatedly practicing scripted content for use in daily life.
To ensure functionality, scripted content should be relevant to patients’ daily lives. In this sense,
the personalization of scripted content is considered critical for engagementin learning scripted

content (Cherney et al., 2015).

Despite the long history of script training for stroke-induced aphasia, only a few studies
have evaluated the effects of this approach in individuals with PPA. Henry et al., 2018, provided
evidence for the positive effect of script training via Video-Implemented Script Training for
Aphasia (VISTA) in individuals with nfvPPA. Dial et al. (2019) reported robust outcomes in
individuals with mild to moderate nfvPPA who were administered the same treatment approach
(i.e., VISTA). Nevertheless, the effects of script training have yet to be examined in either

logopenic or semantic variant PPA.

Teletherapy has been identified as a valuable tool in the management of
neurodegenerative diseases, such as Parkinson’s and Alzheimer’s disease, and provides the
opportunity to access therapy for patients living at a distance from therapeutic providers (Adams
et al.,, 2020). A handful of studies have directly compared the effects of speech-language
interventions for adults with a variety of communication disorders administered via teletherapy
(i.e., sessions are administered synchronously using a computer or tablet with visual and audio
support) versus in-person (e.g., Pefialoza et al., 2021; Chaudhary et al., 2021; Dial et al., 2019).

In one such study that focused specifically on PPA, Dial et al. (2019). demonstrated equivalent



and robust outcomes across treatment modalities in individuals presenting mild-to-moderate

symptoms.

In the current study, we hypothesized that script training would result in improved
communication among the three variants of PPA, given that this training is person-centered and
addresses several elements of speech and language production (e.g., fluency, word finding, and
selection). In nfvPPA, script training addresses the core communication deficits in speech
production and agrammatism. However, individuals with IvPPA also struggle with fluent
production, which is largely driven by pauses for word retrieval (Gorno-Tempini et al., 2011).
Therefore, we hypothesized that script training may prove useful in IVPPA by providing
rehearsed practice with established content, which may lower the demands on word finding.
Individuals with svPPA present with fluent speech production, yet often produce empty
language (Gorno-Tempini et al., 2011), as such script training may benefit these individuals by

improving the specificity and meaningfulness of their output.

Therefore, we conducted a pilot study to evaluate the feasibility (Onken et al., 2014) and
acceptability, and intervention effects of a modified version of VISTA (Henry et al., 2018) in the
three PPA variants. We also compared the effects of the in-person and teletherapy
interventions. We predicted that modified VISTA would result in improvements at the group
level and that there would be no significant differences based on treatment modality. Lastly, we
hypothesized that patterns of intervention response could vary in different PPA variants and
therefore conducted an initial characterization of variant-specific effects following the

administration of modified VISTA.

2. METHOD

2.1. Participants



To be eligible for enrollment in the study, participants were required to meet the current
consensus criteria for one of the three PPA variants (Gorno-Tempini et al., 2011). Diagnoses by
variant were also supported by the neuroimaging findings. Additional criteria included a Mini-
Mental State Examination (MMSE) (Folstein et al., 1975) score of 15 or higher and a commitment
to attend speech and language therapy twice a week during the study period. To be eligible for
teletherapy, participants were required to have computer or tablet and Internet access, a study
partner who could provide technology support (if needed), and an absence of uncorrected vision

or hearing impairments.

Consecutive participants meeting the inclusion criteria were offered to participate in the study
at the Alzheimer’s and Other Cognitive Disorders Unit of the Hospital Clinic de Barcelona
(Barcelona, Spain). All the participants provided written informed consent. This study was

approved by the Hospital Clinic de Barcelona Ethics Committee (HCB/2019/0985).

2.2. Design

The current study was a Stage 1 B (Onken et al., 2014) intervention pilot study with a non-
randomized quasi-experimental design. Participants were assigned to in-person versus
teletherapy intervention according to each patient’s geographical (distance of residence from
the hospital), physical (mobility issues), and technical (internet access, computer, or tablet)

conditions (convenience allocation).

2.3. Cognitive and linguistic assessment

The participants underwent a neurological and general cognitive evaluation at baseline
by a neurologist and neuropsychologist. Linguistic and speech examinations were performed at
baseline and at each time point by a speech-language pathologist (SLP). To evaluate the general
cognitive status, we used the MMSE. Language and cognitive abilities were assessed using the

naming task of the Cambridge Semantic Battery (Bozeat et al., 2000), and Digit Span (forward



and backward) (Wechsler, 1997). To evaluate motor speech and non-speech abilities, we
administered a quantitative assessment tool, The Barcelona Scale for Buccophonatory Apraxia

(Montagut et al., 2022) (see Table 1).

2.4. Script development

An individualized script entitled “My Story” was created for each participant. The script
contained three sentences related to each participant’s daily life. These sentences were
developed in response to the following three questions:1: “Do you have any difficulties?” 2:
“What was your job?” and 3: “What do you like to do now?”. Participants’ responses were audio
recorded by the SLP. The SLP then created a personalized script with the patients and their
caregivers to ensure the reliability of their responses. The final script had a similar number of
words as the participants’ spontaneous responses to the clinician-led questions. If a participant’s
spontaneous response was limited, the SLP added the minimum number of words necessary to
create a reasonable and functional script. Performance on an untrained and unscripted topic
was also assessed via a prompt provided by the clinician (i.e., “‘What will you do today?’) (see

Supplementary Material).

The rationale for this individualized “My Story” script was to provide participants with
responses to frequently asked questions, thereby automating their typical responses in daily
communication. Each participant’s script was developed so that they could respond to individual

sentences from their script or with the entire script as a unit.

2.5. Script training

Individuals received a modified version of VISTA twice per week (30 min per session)
over an eight-week period. The intervention was administered synchronously with bilingual SLP
(N.M.C.). Relative to the original version of VISTA, the modified version of VISTA used in the

current study contained one trained script instead of four, sessions were shorter in duration (30



min instead of 45 min to 1 h), our overall intervention period was longer (8 weeks vs. 4-6 weeks),
and our untrained topic was not scripted (whereas the original approach included two untrained
scripts). All participants were trained in individualized scripts. A seven-step hierarchy was used
to target the accuracy of production and conversational usage of scripted content (Table 2). In
addition to memorization of scripted content, we focused on articulatory and/or phonological
aspects and supported participants’ accurate production of scripted content by providing them
with cues (i.e., instructing individuals to articulate the difficult word with a pause between each
syllable, imitating the exaggerated articulation from the SLP’s example). These cues are used
when an individual demonstrates motor speech or phonological errors. For individuals who
demonstrated phonological errors (those with IVPPA), the first syllable was also provided as a
cue if the individual demonstrated difficulty reading or producing the word. Individuals with
svPPA were asked to provide the meaning of the content words embedded in their script during
steps that required reading or spontaneous production of the script. For both IvPPA and svPPA,
if word retrieval was unsuccessful after being provided cues, a personalized and functional cloze
phrase was provided to elicit the word (e.g., | sit on the sofa after lunch to watch...TV). Finally,
individuals with svPPA were asked to affirm or deny their understanding of words in their scripts.

If they did not understand the sentences in their script, the clinician explained the content.

Videos were created for the personalized script by recording the mouth of a healthy
speaker, producing the script at a speech rate approximating that of the patient. These videos
were used for independent home practice without SLP. The practice consisted of unison speech
production with the audio-visual model three days per week (a single production was requested
during each practice session). Lastly, it was recommended that participants take advantage of
communicative situations with other people by using the trained script when appropriate.
Intervention and script videos were administered to each participant’s self-reported dominant

language (Spanish or Catalan).



2.6. Outcome Measures

For the trained script, we investigated changes in the following outcome measures in
the entire cohort of participants: script production, keyword production, synonym production,
and the overall global quality of script production. For the untrained and unscripted topics, we
only evaluated overall global quality, as an individual’s untrained topic did not have a
predetermined scripted target. Secondary outcome measures included performance on
selected assessment measures collected at baseline and longitudinally (naming task from the
Cambridge Semantic Battery and the MMSE). The potential for generalization to untrained and
unscripted topics was assessed via global quality and a naming task from the Cambridge
Semantic Battery. Performance on outcome measures was assessed using audio recordings of
participants’ responses at baseline, post-intervention (within one week after therapy ended),
and at three- and six-months after intervention. An independent SLP (J.H.), who was blinded to
the time point of each recording and was not involved in the administration of therapy,

evaluated all measures.

Script Production: Script production is defined as the number of correct and intelligible words
produced by the individual relative to the scripted target. Phonological and semantic paraphasia
were not counted as correct in the total score. The proportion of correct and intelligible scripted
words was calculated using a denominator that represented the total number of words present

in the script.

Keyword Production: Keyword production was defined as the sum of correct nouns, verbs,
adjectives, and adverbs relative to the total number of keywords present in the script. The
proportion of keywords produced was calculated using a denominator that represented the
total number of keywords present in the script. We selected this measure because we predicted

that the keywords would have the greatest semantic weight when producing scripted content.



Synonyms: Synonym production is defined as the number of synonyms produced in place of the
keywords present in the script. The proportion of synonyms produced was calculated using a
denominator that represented the total number of keywords present in the script. We included
this measure because we anticipated that individuals with phonological processing impairment
(IvPPA) and conceptual impairment (svPPA) may use synonyms instead of scripted keywords and

therefore sought to capture potential improvements in synonym production.

Global Quality: Global quality is defined as the qualitative rating of the production quality.
Ratings were related to intelligibility, fluency, vocabulary, and overall script coherence, with the
assighment of an overall qualitative score corresponding to severe (1), moderate to severe (1.5),

moderate (2), mild-moderate (2.5), mild (3), normal-mild (3.5), and normal (4).

2.7. Post-intervention satisfaction survey

A five-item satisfaction survey, using a Likert-type scale, was administered post-
intervention to all participants as a measure of acceptability. Participants were encouraged to
complete the survey with their study partners or care partners whenever possible to ensure that
they understood the questions. The questions were related to an individual’s perceived
satisfaction with therapy. Each item was rated on a five-point scale:1. Strongly disagree, 2.

Disagree, 3. Neither agree nor disagree; 4. Agree, 5. Strongly agree.

2.8. Statistical analysis

First, independent-samples permutation tests were conducted between individuals who
received in-person intervention and those who received teletherapy. Change scores were
calculated at the individual level by subtracting pre-intervention performance from post-
intervention performance as well as pre-intervention performance relative to follow-up

observations. We evaluated the results of these analyses using two-tailed tests, as we predicted



no significant differences based on intervention modality. The statistical outcome measures for
the trained script at the group level included script production, keyword production, synonyms,
and overall global quality. For the untrained and unscripted topic, only the measure of global

quality was assessed.

At the group level, nonparametric exact permutation tests were conducted using the
COIN package in R (version 4.2.1, 2022) (Hothorn et al., 2008) or custom scripts. We report the
T-values as well as the exact significance levels derived from permutation analyses. At the group
level, baseline performance was compared to post-intervention and at the- and six-months
follow-up via paired-samples permutation tests. One-tailed tests were used to examine trained
script performance for these analyses, as we predicted significant improvement following the
intervention and at subsequent follow-ups. Two-tailed tests were used to compare untrained
topics from pre- to post-intervention (for global quality) and performance on a confrontation
naming test, as generalization effects were less predictable. We also examined the maintenance
effects by comparing performance at post-intervention relative to subsequent follow-ups using
two-tailed paired permutation tests, with a nonsignificant p-value indicating maintenance.
MMSE performance was also evaluated over time using two-tailed paired permutation tests to

assess the potential for changes in cognitive status throughout the study.

We were interested in examining individual responses to interventions given that
previous reports have indicated heterogeneity. Significance testing at the individual participant
level was conducted using simulation where appropriate (Dial & Martin, 2017) (except for global
quality due to the noncontinuous nature of this outcome measure). To do so, each participant’s
accuracy (expressed as a percentage of the total output) was calculated from each time point
for the trained script, which was used to generate probabilities of correct responses to create
simulated datasets with parameters that aligned with the observed data. 10,000 simulated

distributions of percent accuracy were generated, and the resulting simulated datasets from



two time points were then directly compared to calculate the p-value. In addition, using the
simulated data, difference scores were calculated between the time points to determine the

95% confidence intervals of the observed differences.

3. RESULTS

3.1. Participants

Thirteen individuals with mild-to-moderate PPA participated in the study: five with
svPPA, five with IVPPA, and three with nfvPPA. Six of them received in-person intervention and
seven received teletherapy. Table 1 provides a summary of the sample demographics and
cognitive-linguistic characteristics. All participants completed the intervention and follow-up

assessments at three and six months.

3.2. Intervention effect and modality of the intervention

No significant differences were observed in the magnitude of the intervention (Figure 1) or
generalization effects for any comparison from pre- to post-intervention or from pre- to each
subsequent follow-up between the intervention modalities (in-person vs. teletherapy). Given
that we did not observe differences between intervention modalities, all subsequent analyses
combined participants who received in-person interventions and those who received

teletherapy.

3.3. Group Level Analyses

3.3.1. Intervention and Maintenance Effects

For the trained script, we observed a significant improvement from pre- to post-
intervention in script production (t=-1.86, p=.04), keywords (t=-5.32, p=.001), synonyms (t= -

3.50, p= .004), and global quality (t= -4.45, p= 0.001) (Figure 2A and 2B). Maintenance was



observed when comparing performance at post-intervention relative to the three- and six-
month follow-ups for script and synonym production, whereas a lack of maintenance was
observed for keyword and global quality at six-months post-intervention. Nevertheless, script
production, keywords, synonym production, and global quality were significantly better at both
follow-ups than at baseline (all p-values <.05). For the untrained topic, we observed a significant
generalization of global quality from pre- to post-intervention (t = -2.13, p= 0.049), although

maintenance was not observed at subsequent follow-ups. (Figure 2A and 2B).

3.3.2. Secondary Outcome Measures

We observed significant generalization effects on the naming task from the Cambridge
Semantic Battery post-intervention relative to the baseline (t= -2.45, p= 0.002). However, this
effect was not maintained at the three- or six-month follow-up. Nevertheless, at follow-up,
performance on the Cambridge Naming Test did not drop below the baseline score. Lastly, no

significant changes were observed in MMSE scores over time (Figure 3).

3.4. Individual Participant Level Analysis and Patterns by PPA Variant

Table 3 shows the results of the simulation analyses, which revealed that at the
individual participant level, one participant demonstrated a statistically significant improvement
in script production from pre- to post- intervention (M change= 4%, range = -8-22%). Out of the
13 participants, nine individuals showed significant improvements in keyword production (M
change= 41%, range 0-80%), and only one individual showed significant improvement in
synonym production (M change = 5%, range 0-13%). Most participants who demonstrated a
significant effect from pre- to post-intervention also showed significant maintenance at the
three-month follow-up and some individuals showed this pattern at six-month follow-up (see

Table 3).



With respect to patterns by PPA variant, significant improvements in keyword
production were observed in Iv and nfvPPA. Numerical improvements were also observed for
script production, largely in Iv and nfvPPA, whereas improvements in synonym production were

largely observed in IvPPA (see Table 3).

3.5. Post-intervention survey data

All participants completed the five-item satisfaction survey. General satisfaction with
the intervention was high, with an average of 4.8 out of 5. In addition, participants reported that
the therapy benefitted their everyday communication and expressed a desire to continue with
the speech-language intervention that was offered. None of the participants selected a rating of
“disagree” or “strongly disagree” for any of the survey items. Ratings representing the overall
degree of satisfaction with the intervention were comparable between participants who
received in-person (average of 4.7 out of 5) and teletherapy (average of 4.9 out of 5) (see Figure

3).

4. DISCUSSION

In the present study, we evaluated the effects of a modified version of VISTA on three
variants of PPA. We sought to establish the acceptability and feasibility of this intervention and
compare the effects of script training administered via teletherapy versus in-person training.
Our results indicate that the modified version of VISTA utilized herein is an effective intervention
approach for individuals with svPPA, IVPPA, and nfvPPA, as evidenced by improvements in a
broader array of outcome measures (i.e., keywords, use of synonyms, and global quality) than

those previously reported in the literature.

4.1. Contextualizing immediate and maintenance effects



Consistent with our hypothesis, a significant improvement was observed at the group
level on all outcome measures from baseline to post-intervention (i.e., script production,
keywords, synonyms, and global quality). Maintenance was observed from post- to three- and
six-months post-intervention for the production of trained scripts (i.e., correct and intelligible
scripted words) and synonym production. These findings partially replicate previous findings
(Henry et al., 2018) wherein the authors reported significant improvement and maintenance of
the production of correct, intelligible scripted words in individuals with nfvPPA following VISTA.
In addition, our study extends previous findings by documenting, for the first time, the
improvements in VISTA in IVPPA and svPPA while simultaneously documenting improvement
across a more diverse set of outcome measures than previously reported, including keywords,
use of synonyms, and global quality. With respect to treatment dosage, the findings reported by
Henry et al. (2018) were a result of sessions of 45 minutes to one hour (twice per week) with
four scripts trained over a four—six-week interval (Henry et al., 2018). In comparison, in the
current study, a single script was trained in sessions of 30 minutes (twice per week) over an
eight-week interval. As such, participants in the current study received a greater amount of
training for a single script relative to Henry et al. (2018), although the duration of the individual
treatment sessions was shorter. Taken together, this suggests that both shorter sessions and,
potentially, a shorter duration of training could be feasible for a single script. Future studies

investigating the effects of dosage on script training across PPA variants are needed.

In the current study, the results of a post-intervention satisfactory survey confirmed
positive qualitative effects related to participants’ overall experiences with therapy in terms of
emotional and communication benefits. The benefits of script training include increased
confidence in communication across the three variants of PPA. Whereas the majority of
participants endorsed the qualitative benefits of the intervention, two participants with svPPA
reported neither agreeing nor disagreeing when asked if the therapy helped them emotionally.

Because individuals with svPPA may present with some degree of difficulty with emotion



recognition and anosognosia (Valotassiou et al., 2022; Savage et al., 2015), it may be the case
that these individuals were less aware of how the intervention was beneficial because of a lack

of awareness about their communication impairments.

We also note that in the current study, no significant differences were observed based
on intervention modality (in-person vs. teletherapy) with respect to intervention or
generalization effects. These results are consistent with those of a previous study (Dial et al.,
2019) reporting equivalent improvements in VISTA outcomes across treatment modalities. As
such, teletherapy is feasible and can result in equivalent improvements in PPA compared with
traditional in-person interventions, particularly for individuals in the mild to moderate stages of

progression.

4.2. Generalization effects

Generalization effects were also observed in the global quality ratings from pre-to post-
intervention for the untrained, unscripted topic. Maintenance of this generalization effect was
also observed from post-intervention to each follow-up. These findings partially align with those
of Henry et al. (2018), wherein the untrained scripts remained relatively stable during the follow-
up period, although their outcome measures were more granular (e.g., overall intelligibility)
relative to our study, wherein we analyzed ratings of the overall quality of the script production

(e.g., intelligibility, fluency, vocabulary, and overall script coherence).

With respect to our secondary outcome measures, a significant generalization effect
was also observed on the naming task from the Cambridge Semantic Battery from pre- to post-
intervention; however, this effect was not maintained when comparing the post-intervention
performance to each follow-up. Naming improvements following script training have been
reported in stroke-induced aphasia (Grasso et al., 2019; Bilda et al., 2011). Because individuals
attempt to recall scripted words when producing scripts, an element of word selection and

retrieval is foundational to script training and scripted content. The generalized improvement



documented in the naming task from the Cambridge Semantic Battery may therefore reflect
enhanced word retrieval and selection beyond scripted words. Finally, with respect to MMSE,
no non-significant changes were observed across time, indicating stability in general cognition

during the duration of the study.

4.3. Effects and Relevance of Script Training by PPA Variant

We were particularly interested in investigating the effects of script training on these
three variants of PPA. An analysis of individual responses to script training intervention revealed
that significant and numerical improvements in script production and keywords were largely
observed in individuals with IvPPA and nfvPPA. Additionally, small numerical improvements in
synonym production were observed most consistently in IvPPA. The most robust and consistent
improvements were observed in Iv and nfvPPA, with less robust and less consistent

improvements observed in individuals with svPPA.

Given the aforementioned pattern of results, we hypothesized that individuals with
each of the PPA variants may respond differently to script training for different underlying
reasons. In the case of nfvPPA, we observed that the benefits of the intervention were primarily
in script and keyword production. We attribute these effects to the influence of script training
on automatizing speech production, including the production of keywords (i.e., content words).
Greater improvement in keywords reflects better production of content words relative to
function words, with the latter being particularly challenging for individuals presenting with
agrammatism and for those with motor speech impairment who may produce the most
meaningful words to convey the intended message (Mesulam et al., 2014; Hoffman et al., 2017).
In IvPPA, the enhanced script and keyword production is likely a result of lowering the demands
associated with word retrieval when producing connected-speech. The improvement in
synonym production reflects the use of alternative words with similar meanings, indicating that

reliance on relatively spared semantic knowledge when impaired phonological processing



diminishes the ability to recall a specific scripted word (Montembeault et al., 2018). Lastly,
individuals with svPPA showed ceiling effects in fluency and script production, which limited our
ability to capture the intervention effects. Nevertheless, individuals with svPPA demonstrated
small numerical improvements in keywords and synonym production. This pattern reflects
relatively spared fluency and phonology and variable improvements in the specificity and
meaningfulness of their productions. Overall, our results indicate that individuals with different
variants of PPA may benefit from script training in different ways, and that the effects differ on

the basis of relatively spared versus impaired linguistic domains.

The effects of naming interventions in IVPPA and svPPA have been reported more
frequently in the literature (Pagnoni et al., 2021). Many of these interventions focus on training
single words, which may limit the ecological validity of these approaches, although some
approaches train strategies as a means to promote generalization (e.g., Henry et al., 2019; Lavoie
et al., 2020; Beales et al., 2016). In contrast to naming intervention, script training is a more
ecologically valid approach when tailored to the individual, as it focuses on conveying personally
relevant information that individuals are interested in communicating about in conversation
(Hubbard et al., 2020). The philosophy of person-centeredness is considered integral to building
a relationship with intervention participants and understanding their needs (Volkmer et al.,
2022). Personalization of script content, as in the current study, is considered critical for
engagement in learning (e.g., Cherney et al., 2015). Although this approach might be time-
consuming for clinicians when creating treatment materials, personalization is a crucial
component in providing relevant and motivating intervention programs for individuals living

with PPA.

4.4. Strengths and Limitations of the Current Study

This study had several strengths and limitations. The strengths of the current study

include reporting the effects of script training across PPA variants for the first time, as well as



reporting preliminary patterns of treatment response by PPA variants. In addition, we
investigated the effects of script training in the unique sociocultural context of Catalonia, with
bilingual participants providing the option to participate in therapy in their preferred language.
Demonstrating the acceptability and feasibility of the modified VISTA in a novel context indicates
that this approach may be acceptable across distinct sociocultural contexts, as the development
of materials is personalized for each participant, including their cultural and linguistic

backgrounds.

With respect to limitations, our sample was relatively small, particularly when examining
patterns by the PPA variant. Second, consistent with previous research investigating the effects
of script training on PPA, we only included individuals in the mild-to-moderate stages of disease
progression. Therefore, the effects of script training in more advanced participants cannot be
discerned from the current study. In addition, our untrained topic was not scripted; therefore,
we could not ensure that the untrained content was matched for linguistic complexity with that
of the trained script. In future investigations, the use of both an untrained and unscripted topic,
as well as an untrained but scripted topic, will provide a more rigorous comparison across
treatment conditions. Lastly, we did not have an objective approach for quantifying the amount
of home practice individuals engaged in; therefore, the intensity of home practice may have

differed across participants and ultimately influenced some of the effects reported herein.

4.5. Conclusion

Our study showed that the modified version of VISTA used in this study is a feasible and
acceptable treatment for individuals with the three PPA variants, with the most robust and
consistent improvements observed in Iv and nfvPPA. We observed positive effects across a
variety of outcome measures, including script production, keywords, use of synonyms, global
quality, and improvement in a measure of confrontation naming. Participants also reported

subjective improvements in communication and emotionality. Larger studies are needed to



further elucidate the unique effects of script training on each PPA variant. Efforts to support the
wider-scale implementation of script training in PPA are needed, as this approach represents a
functional, person-centered treatment option that supports individuals’ abilities to continue

communicating about topics of personal relevance in their everyday lives.
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Table 1.
Demographic and cognition, speech and language scores at baseline

PATIENT ID P01 P02 P03 P04 P05 P06 PO7 P08 P09 P10 P11 P12 P13

Demographics

Age 74 61 74 74 66 67 72 66 77 66 81 67 74

Sex Female  Female Female Male Female Female Female Female Female Female Male Female Male
Education (yr) 6 12 16 16 6 12 12 12 16 12 16 16 6

PPA variant svPPA svPPA svPPA svPPA svPPA IVPPA IVPPA IVPPA IVPPA IVPPA nfvPPA nfvPPA nfvPPA
Aphasia Moderate ~ Mild Moderate  Mild Moderate Moderate Moderate Mild Moderate Mild Mild Moderate Moderate
Severity

Treatment P T P P T P T T P P T T T
modality

Language Catalan  Spanish Catalan Catalan Spanish Catalan Spanish Catalan Spanish Catalan Spanish Catalan Spanish

Cognitive-Linguistic Scores

MMSE/30 20 27 19 25 21 15 18 30 21 28 30 27 28
nCSB/64 22 40 9 41 18 41 42 60 56 58 57 62 62
Digit span/26 8 14 10 14 14 5 8 " 8 12 13 8 15
BSBA (seconds) 107 172 139 158 164 244 185 115 313 156 268 390 369

Abbreviations: MMSE: Mini-Mental State Examination; nCSB: Naming task from the Cambridge Semantic Battery; BSBA: Barcelona Scale for Buccophonatory Apraxia (more time worse results); IvPPA:
logopenic variant of primary progressive aphasia; nfvPPA: non-fluent variant of primary progressive aphasia; svPPA: semantic variant of the PPA; P: in-person; T: teletherapy



Table 2.

Treatment Steps Modified from VISTA

Read aloud each scripted sentence in response to question posed by clinician, in order
of scripted sentences

Read aloud each scripted sentence in response to question posed by clinician, out of
scripted order

Read the entire script aloud

Produce each scripted sentence in response to question posed by clinician, in order of
scripted sentences

Produce the entire script from memory

Produce each scripted sentence in response to question posed by clinician, out of
scripted order

Produce each scripted sentence in response to question posed by peer with PPA, out

of scripted order




Table 3.

Individual participant difference scores for trained content from pre-treatment relative to each follow-up

SCRIPT PRODUCTION KEYWORD PRODUCTION SYNONYM PRODUCTION

Participant Variant pre-post pre-3 pre-6 pre-post pre-3 pre-6 pre-post pre-3 pre-6
P01 svPPA -1% 0% 0% 6% 6% -12% 13%" 13%" 0%
P02 svPPA -1% 0% 0% 26% 0% 0% 0% 0% 0%
P03 svPPA -1% -1% -1% 0% 9% 0% 0% 0% 0%
P04 svPPA 0% 0% 0% 0% 12% 16% 8% 4% 0%
P05 svPPA 3% 3% 3% 79%* 68%* 16% 0% 0% 0%
P06 IvPPA 22%* 17%* 12% 34%* 22% 17% 11% 5% 11%
P07 IVPPA -8% -5% 0% 32%* 27%* 14% 5% 9% 5%
P08 IVPPA 5% -8% 5% 48%* 51%* 45%* 4% 7% 7%
P09 IvPPA 4% 11% 5% 80%* 80%* 70%* 5% 5% 15%*
P10 IVPPA 11% 5% 14%* 44%* 52%* 32%* 4% 0% 0%
P11 nfvPPA 1% -21% -15% 55%* 42%* 38%* 13%* 13%* 8%
P12 nfvPPA 4% 1% 0% 63%* 47%* 47%* 0% -5% 0%
P13 nfvPPA 11% 7% 0% 66%* 71%* 71%* 0% 5% 5%
MEAN 4% 1% 2% 41% 37% 27% 5% 4% 4%
MIN -8% -21% -15% 0% 0% -12% 0% -5% 0%
MAX 22% 17% 14% 80% 80% 71% 13% 13% 15%

*Note. Significance testing conducted via simulation analyses at the single participant level. *Denotes significant change at the single participant level; »
Denotes marginal change at the single participant level.



Figure 1. Accuracy of Script Production by Intervention Modality Across Time.
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Figure 2. Primary Outcome Measures for Trained and Untrained Content Across Time
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outcome measure. Significance was determined via one-tailed permutation tests for trained
content from the baseline to each subsequent time point. Significance was determined using
two-tailed permutation tests from post-intervention to each subsequent time point. TO =
baseline; T1 = post-intervention; T2 = 1-month post-intervention; T3 = 3 months’ post-
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Figure 3. Performance on Secondary Outcome Measures Over Time.
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month post-intervention; T3 = 3 months’ post-intervention. * = p < .05; ** = p <.01, *** p <

.001.



Figure 4. Average Participant Ratings in Response to Post-Intervention Satisfactory Survey

The therapy helped me emotionally -

The therapy benefitted my communication |
on a day-to-day basis

Modality

l In person

. Teletherapy

Independent home practice has been | el

beneficial as a complement to therapy

| want to continue with speech-language |
therapy

General satisfaction with the therapy -

s ISP ]] !]:!!
N N (=~

W<

o -
S
4]

*Note:1=strongly disagree; 2= disagree; 3= neither agree nor disagree; 4= agree; and 5= strongly
agree.



Supplemental Material:

Script trained example: My story

1. Do you experience any difficulties? | have many difficulties in communicating.
Sometimes, | have trouble finding words and articulating them well.

2. Whatwasyourjob? Previously, | worked as an elevator assembler and set up a company.
| coordinated my work in general.

3. What do you like to do now? Now, | like to go biking with a friend and plant vegetables

in the garden.
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DISCUSSIO

Els treballs que conformen la memoria de la present tesi doctoral pretenen aportar
coneixement sobre l'aplicaci6 clinica de noves eines d’avaluaci6 i diverses estrategies
d’intervencié de la parla i el llenguatge en individus amb Afasia Progressiva Primaria,
avaluant la seva acceptabilitat i tolerancia i de manera pilot, la seva eficacia, amb
'objectiu final de mantenir al maxim de temps possible les habilitats de comunicacié

d’aquests pacients.

El primer treball descrit avalua I'efecte immediat i a curt termini de la terapia de
I'aprenentatge sense error en la denominacio6 i comprensi6 de paraules d’ds comd amb
pacients amb la variant semantica de I’APP. Només alguns estudis previs (Jokel et al.,
2006, 2012; Jefferies et al., 2011) han aplicat aquesta técnica amb pacients amb la
vsAPP mostrant que l'aprenentatge sense error proporciona millors resultats en
aquests pacients que la terapia on es permeten els errors. Aquestes troballes so6n
consistents amb els nostres resultats on els vuit pacients amb la vsAPP que van
participar en el nostre estudi, van mostrar millores significatives en la denominacié dels
items entrenats en la post intervenci6. S’ha plantejat la hipotesi que aquest
aprenentatge és degut a que la terapia de 'aprenentatge sense error implica tornar a
aprendre nova informacié evitant els errors en la denominaci6é i millorant la xarxa
semantica a través de la memoria implicita i la memoria episodica (relativament
preservada en la vsAPP) sense haver d’utilitzar la memoria semantica, la qual esta
afectada en aquests pacients (Hunkin et al., 1998; Tailby et al., 2003). Tenint en compte
que el sistema hipocampal és l'estructura principal involucrada en la memoria
episodica, i relativament preservada en aquests pacients, aixo permetria I'adquisicié de

nova informacio (Lladé et al., 2018).

Per altre banda, gairebé no hi ha evidéncia descrita sobre el manteniment en el temps
d’aquestes millores o sobre I'efecte en la comprensié de paraules. Robinson et al., 2009,
en els dos casos de vsAPP que va estudiar, va observar millores en la denominacié i I'is
dels objectes i només un d’ells va mantenir aquestes millores al cap d'un mes. Tot i que
Savage et al,, 2015, va demostrar que els pacients amb la vsAPP van preservar algunes

millores fins als sis mesos, en el nostre estudi, I'aprenentatge només es va mantenir fins
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als tres mesos post intervencié. Aquestes dades sén suggestives de que la nova
informacio6 no es va consolidar. Aquest fet s’explicaria probablement per la degeneracié
de la propia malaltia en les arees temporals laterals (Savage et al.,, 2015; Murre et al.,

2001).

No vam trobar millores ni en la tasca de comprensi6 de paraules (entrenades i no
entrenades), sense poder excloure un possible efecte sostre en alguns participants, ni en
els items de denominacié no entrenada, suggestiu d’'una falta de generalitzaci6 dels

beneficis obtinguts.

Treballs previs com el de Jokel i col-laboradors (Jokel et al., 2006) suggereixen que la
milloria resultant de la terapia de 'aprenentatge sense error depen, en part, del grau de
coneixement semantic residual. En aquest sentit, en el nostre treball vam voler estudiar
si existien diferencies entre els resultats en funcié de la severitat de la seva afasia. A
diferencia de I'estudi de Jokel, en el nostre treball no vam trobar diferéncies entre els
subjectes amb una afasia lleu i moderada. Aixo podria ser degut a un efecte sostre en el
grup d’afasia lleu. No obstant, els nostres resultats suggereixen que tant els pacients
amb una afasia lleu com els pacients amb afasia moderada es poden beneficiar de la
terapia de I'aprenentatge sense error. Tampoc vam trobar diferéncies entre els resultats

de subjectes amb un deéficit amnesic lleu i els que pateixen un deficit amnesic greu.

D’altra banda, amb els resultats obtinguts en el nostre primer estudi, on la terapia de
I'aprenentatge sense error podia ser aplicable i beneficiosa per la vsAPP, junt amb les
poques dades disponibles sobre la intervencié de la parla i el llenguatge en les tres
variants de ’APP, va motivar que ens plantegéssim avaluar I'eficacia i tolerabilitat d’'un
altre tipus de terapia, la tDCS combinat amb terapia de la parla i el llenguatge en les tres
variants de I’APP.

Coneixent que la tDCS és una tecnica de neuromodulacié no invasiva, indolora i una
opci6 prometedora per a la intervenci6 del llenguatge, i amb la falta d’evidencia i
resultats forca diversos en els diferents estudis, vam voler avaluar el seu efecte aplicat a
pacients amb APP, avaluar-ne els canvis en l'activitat de la RMfi observar les diferéncies

entre les intervencions en les diferents variants.
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Es va utilitzar un muntatge de tDCS multifocal per maximitzar una amplia xarxa d’arees
lingliistiques (estimulant I'area global del llenguatge) per tal de poder ser valid per a les
tres variants de I’APP, aixi com també es va intervenir en sis habilitats lingliistiques
(fluencia fonetica i semantica, denominacid, comprensié de paraules, associacié
semantica i velocitat lectora), per tal de cobrir les diferents alteracions del llenguatge en
les tres variants de I’APP i poder identificar aix{ si algunes funcions del llenguatge eren

més propenses a millorar que d’altres amb la terapia de la tDCS.

Els resultats obtinguts en aquest segon treball suggereixen que l'aplicacié de la tDCS
junt amb la intervencié logopédica és viable, segura i ben tolerada pels pacients amb
APP, resultats alineats amb estudis previs (Teichmann et al., 2016; de Aguiar et al,

2020; Fenner et al., 2019; Jonker et al., 2021).

No obstant, en el nostre treball no vam trobar diferencies entre la intervencié amb la
tDCS activa o simulada en cap de les tasques de llenguatge avaluades, ni en la post
intervenci6 immediata, ni en els seguiments a un i tres mesos. No podem saber si
aquests resultats es podrien explicar per I'’enfocament multifocal realitzat, ja que, tot i
que s’ha demostrat que aquest enfocament és capa¢ d’augmentar ’excitabilitat cortical,
podria no ser eficag en la modulacié de la xarxa lingiiistica en pacients amb APP. També
cal destacar que el petit tamany de la mostra implica un baix poder estadistic a nivell
grupal. Tot i aixi, vam observar una tendeéncia a obtenir millors resultats, en la post
intervencio, amb la tDCS activa. Aquestes millores es van mostrar en la tasca de fluéncia
fonetica entrenada i la tasca d’associacié semantica entrenada, com estudis previs ja
havien reportat un benefici amb pacients amb la vsAPP ( Teichmann et al, 2016).
També es va observar un millor rendiment en la tasca de velocitat lectora no entrenada,
on no coneixem estudis on s'hagi avaluat préviament. En qualsevol cas, a nivell
individual, ni el pacient ni I'avaluador cec van ser capacos de predir si cada cicle

d’intervencio es tractava de tractament actiu o simulat.

Considerant el conjunt de tasques, tot i no trobar diferéncies entre les dues modalitats
de tractament, els participants si van mostrar millores en totes les puntuacions en la
post intervencié i en el seguiment a un mes. Les millores no van ser significatives als

tres mesos de seguiment. Aquests resultats podrien ser suggestius al benefici atribuit a
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la logopedia (Volkmer et al., 2020, Henry et al., 2008, Jokel et al., 2006, Montagut et al.,
2021), ja que va ser un factor comu en les dues branques de la intervencié (activa i

simulada).

Per altre banda, no vam observar diferéncies entre les intervencions en avaluar les

diferents variants, fet que es podria explicar pel baix nombre de participants en cada

grup.

En un subgrup de pacients es va identificar, a través de la RMf, un augment d'activitat en
el cortex medial frontal dret i en el gir paracingulat bilateral (regié involucrada en
tasques que requereixen control cognitiu) després de la intervencié activa amb tDCS,
pero amb una importancia clinica desconeguda. Aquestes dues arees no corresponen
amb cap de les arees corticals estimulades pero els canvis distals induits per la tDCS i la
captura mitjan¢ant patrons d’activitat en la RMf també han estat reportats en estudis
previs (Vaqué-Alcazar et al,, 2021; Crosson et al,, 1999; Crosson et al.,, 2001). Degut a
que les tres variants de ’APP presenten alteracions en la fluencia de repetici6é a causa de
diferents deficits lingiiistics, aquests canvis en l'activitat cerebral poden reflectir un
mecanisme compensatori que admet les millores del llenguatge a través de la tDCS
(Yuan et al., 2021). Tot i aixi, aquesta troballa suggereix que la tDCS té el potencial de
modular el funcionament del cervell durant un paradigma de tasques lingiiistiques,

encara que sense repercussio clinica rellevant.

El plantejament del tercer treball es va encaminar en el procés d’avaluacié. Durant la
planificacié i execucié del segon estudi vam percebre que no existia una eina d’avaluacié
que ens permeti quantificar 'apraxia bucofonatoria per tal de poder monitoritzar i
comparar als pacients de manera objectiva. Llavors, ens vam proposar dissenyar i
avaluar un nou instrument d’avaluacié per I'apraxia bucofonatoria: 'Escala Barcelona
per a l'apraxia bucofonatoria (EBAB), en llengua castellana i amb una versio en catala
(tercer treball). L'EBAB es va dissenyar pensant en que fos una escala objectiva i

quantitativa, i que fos aplicable en la practica clinica.

Existeixen altres instruments, alguns d’ells creats per al diagnostic, pero es basen en

puntuacions qualitatives o semi quantitatives que depenen, en part, de la valoracié
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subjectiva de 'avaluador (Motor speech evaluation, Wertz et al., 1984; Apraxia Battery
for adults, Dabul and Barbara, 2000; Apraxia of speech rating scale, Strand et al., 2014) i
per tant podrien ser menys utils per l'estudi de la progressié de la malaltia o per
mesurar les respostes a les intervencions terapeutiques.

Per contra, la nostra escala obté com a resultats una mesura quantitativa, calculant el
temps que tarda el subjecte en realitzar una tasca, evitant aixi la subjectivitat de
I'avaluador. D’aquesta manera es pot obtenir una puntuacié global en 'EBAB, aixi com
també una puntuacié pel subtest en I'apraxia verbal i no verbal independentment. El
nostre estudi va mostrar coheréncia interna ja que vam trobar una correlacié entre les
puntuacions dels subtests de I'apraxia verbal i no verbal, indicant que a major puntuacié
en el subtest d’apraxia verbal, major puntuacié en el subtest d’apraxia no verbal i

viceversa.

En conjunt, el total dels 64 pacients que van participar en I'estudi van mostrar una
puntuacié més elevada en 'escala respecte els controls, aixi com també en cada subtest
per separat. Aquest fet demostra que l'escala és sensible per detectar alteracions en la
velocitat dels moviments i de la parla, aspecte també caracteristic de l'apraxia
bucofonatoria. El nostre estudi també mostra una tendencia a haver-hi una relacié entre
la gravetat de la malaltia i una major puntuacié6 en I'escala (en tots els grups excepte en
la vsAPP), suggerint que els pacients en estadis més avangats obtenen pitjors resultats.
Aquesta relacié és estadisticament significativa en els casos de la vnfAPP. Aquest fet
esbossa la possible utilitat d’aquesta eina com a mesura de progressio clinica i com a
mesura de resposta a les intervencions terapeutiques.

Els resultats d’aquest tercer treball suggereixen que I'EBAB és util per diferenciar la
vnfAPP amb el grup de pacients amb la malaltia de Parkinson, un grup que també
presenta alteracions en la parla, aixi com també per diferenciar entre la vnfAPP amb la
vsAPP, resultats esperables ja que les alteracions en aquests ultims estan més
relacionades amb el llenguatge i no amb la parla. Per altre banda, I'escala es mostra
menys beneficiosa per diferenciar entre la vafAPP i la malaltia de Huntington degut a les
majors dificultats oromotores i alentiment en la parla d’aquests pacients, i entre la
vnfAPP i la vIAPP probablement per les dificultats en la tasca de repeticié (afectat en els

pacients amb la vlAPP) i per la complexitat fonéetica d’alguns items. En aquests dltims
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pacients la puntuacié de l'escala va ser més elevada amb una tendencia més propera a
les puntuacions de la vnfAPP.
L’escala detecta diferéncies significatives entre els tres subtipus d’APP, sent el grup amb

la vifAPP el que obté les puntuacions més altes i el grup amb la vsAPP les més baixes.

Vistos els resultats de I’escala EBAB en el tercer treball, en el quart treball ja vam

incloure 'EBAB com una eina més en el procés d’avaluaci6 de tots els pacients amb APP.

En el quart estudi, vam avaluar I'acceptabilitat i viabilitat i de manera pilot, els efectes
sobre diversos parametres clinics, d’'una versi6 modificada de la terapia de
I'entrenament de guions a través del Video Implemented Script Training for Aphasia
(VISTA) en les tres variants de ’APP. També vam comparar els efectes d’aquesta
intervenci6 administrada en persona versus I'administracié a distancia (teleterapia)

per videoconferencia.

A nivell de grup i pel guié entrenat, els 13 pacients que van participar en l'estudi van
mostrar millores significatives entre la pre i la post intervencié immediata en totes les
mesures analitzades (producci6 del gui6, us de paraules clau, Us de sinonims i qualitat
global del guid). Aquestes millores es van mantenir als tres i sis mesos de seguiment per
la produccié i I'iis de sinonims i vam observar una falta de manteniment per I'is de les
paraules clau i la qualitat global als sis mesos de seguiment. Estudis previs (Henry et al.,
2018) també van trobar una millora i manteniment en la producci6é del guié entrenat

amb individus amb la vifAPP després de 'entrenament de guions amb VISTA.

Cal destacar que el nostre estudi estén aquestes millores en la vsAPP i en la vIAPP per
primera vegada, aixi com també millores en altres mesures de resultat, no reportades
fins al moment, incloent I'is de paraules clau, I'is de sinonims i la qualitat global del

guio.

Tanmateix, no vam trobar diferéncies significatives en relaci6 a la modalitat
d’intervencié (presencial vs teleterapia). Aquests resultats coincideixen amb estudis
previs (Dial et al, 2019) on es reporten millores equivalents en la terapia de

I'entrenament de guions en les dues modalitats d’aplicacié després de la terapia de
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I'entrenament de guions amb VISTA. A més, podem dir que la teleterapia amb individus
en fase lleu-moderada de progressio va ser factible i va aportar millores equivalents en

els pacients amb APP en les dues modalitats d’intervencio.

Aquest estudi mostra un efecte de generalitzacié per la qualitat global de I'item no
entrenat en la post intervencié. De la mateixa manera que en l'estudi de Henry et al,,
2018, on van trobar una relativa estabilitat en la producci6é dels guions no entrenats. Cal
dir pero que la mesura de resultat era més detallada (intel-ligibilitat) comparat amb el
nostre estudi, on s’analitzava la qualitat global incloent, intel-ligibilitat, fluéncia,

vocabulari i coheréncia general.

L’analisi individual que es va dur a terme mostra que les millores significatives i
numeriques en relacié a la produccié del gui6 i a I'ds de les paraules clau, es van
observar en gran part als pacients amb la vnfAPP i la vlIAPP. En el cas del vnfAPP
atribuim aquests efectes a la influéncia de 1'entrenament del guié en 1'automatitzaci6 de
la produccié de la parla, inclosa la producci6é de paraules clau. Una millora en les
paraules clau es reflecteix amb una millor producci6 de paraules amb contingut en
relacié amb les paraules funcionals, sent aquestes dltimes especialment dificils per a les
persones que presenten agramatisme i per a aquelles amb una alteracié motora de la
parla (Mesulam et al., 2014; Hoffman et al., 2017).

Amb els pacients amb la vIAPP atribuim les millores en la produccié i paraules clau,
probablement perque redueixen les demandes associades a la recuperacié de les
paraules durant la parla semi dirigida. A més a més, les petites millores numeriques en
I"Gs de sindonims observades més consistentment en la vIAPP, reflecteixen 1'is de
paraules alternatives amb significat similar, indicant la confian¢a que mostren en el
coneixement semantic quan el processament fonologic esta alterat, disminuint aixi la

capacitat per recordar una paraula especifica (Montembeault et al., 2018).

Per tant, es pot observar que les millores més robustes i consistents van ser en la vIAPP
i la vnfAPP, amb menys millores observades en els individus amb la vsAPP.

Les petites millores numeriques observades en la vsAPP en la produccié de paraules
clau i I'ds de sinonims, reflecteixen un patré amb fluidesa i fonologia relativament

preservades i millores variables en el significat de les seves produccions.
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Els nostres resultats indiquen que els individus amb les diferents variants de ’APP es
poden beneficiar de la terapia de I'entrenament de guions de diferents maneres, i que
els efectes difereixen en funcié dels dominis lingliistics relativament preservats o

alterats.

Amb tot aix0, els resultats de I’enquesta de satisfaccié en la post intervencié van
confirmar uns efectes qualitatius positius relacionats amb I’experiencia general de cada
participant amb la intervencio, en termes emocionals i de beneficis en la comunicacio.
Aquests beneficis inclouen una major confianga en la comunicacié reportada per les tres
variants de I’APP. També cal destacar I'adheréncia a la intervenci6 en quant al bon
compliment de la terapia i seguiment de les recomanacions per part de tots els

participants, aixi com també l'acceptabilitat i tolerancia envers la terapia.

En linies generals, tal i com hem vist al llarg de la discussi6, diferents estrategies
d’intervencié de la parla i el llenguatge en individus amb APP poden donar resultats
positius a curt termini. Aquests resultats semblen no mantenir-se en el seguiment a
llarg termini. En aquest punt, cal tenir en compte que ’APP és un sindrome clinic de
naturalesa neurodegenerativa on hi ha la propia progressié natural de la malaltia. Per
aquest motiu, , és possible que, tot i que I'aprenentatge no es mantingui al mateix nivell
de millora que en la post intervencio, si existeixi un benefici més mantingut que podria

estar emmascarat per la progressio natural de la malaltia.

Limitacions i fortaleses dels resultats

La limitacié principal en els nostres treballs i que ha estat ja reconeguda en els diferents
estudis, és el petit tamany de la mostra, que s’explicaria per la baixa prevalenga de
I’APP, considerat un sindrome clinic poc freqiient. Tanmateix, els tamanys mostrals
inclosos en els treballs son similars a altres treballs publicats en aquesta linia. Un petit
tamany de la mostra implica un baix poder estadistic, especialment quan analitzem els
patrons en les diferents variants d’APP. Tot i aixi, hem pogut observar tendencies de

comportaments en els diferents subgrups de I’APP.
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Per altre banda, hem de reconeixer el possible efecte sostre en alguns pacients en
estadis més lleus de la progressi6 de la malaltia que ha pogut emmascarar 'efecte de la

intervencio6 en alguns casos.

Una altre limitacié ha estat la falta de grups d’APP sense cap intervencié com a control
del curs natural de progressi6 de la malaltia. L’evidéncia previa disponible sobre els
beneficis de la logopedia en APP i el seu caracter progressiu va fer que no ens semblés
eticament adequat incloure un grup aleatoritzat sense cap intervencié. Per altre banda,
utilitzar com a control els pacients que no volien o no podien participar en les
intervencions no ens va semblar tampoc una estratégia adequada donat que partiriem

d’una assignacié de grup control esbiaixada.

A part del qué s’ha comentat en cadascun del treballs independents, un punt fort
d’aquesta tesi és el fet que s’hagin avaluat els efectes de la intervenci6 en les tres
variants de I’APP, el qual ha permes definir el comportament de forma més especifica i
reportar patrons preliminars de resposta a les intervencions en cada variant de I’APP
per primer vegada. Per altra banda, també s’han avaluat mesures lingiiistiques de

resultat més amplies que el que s’ha reportat fins ara.

Perspectives futures

Els resultats obtinguts en aquesta tesi doctoral tindran una translaci6 practica
immediata, donat que serviran per seleccionar en la practica clinica diaria les
estrategies d'intervencié més adients per a cada variant d’APP durant les sessions de
logopedia. També s’incorporara I'’escala EBAB com a instrument d’avaluacié per poder
mesurar els canvis longitudinalment i la resposta a potencials intervencions

terapeutiques per aquells pacients amb alteracions en la parla.

Altrament, durant la realitzaci6 d’aquesta tesi en la nostra poblacié que en bona part és
bilingiie, catalana-castellana, ens hem adonat que el bilingliisme és un aspecte que es té
poc en compta, o només marginalment, en l'avaluacié i la intervencié logopédica de

persones amb APP. En la majoria dels estudis, tant de la intervencié de la parla i el
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llenguatge com dels metodes d'avaluacié cognitius i lingiiistics en les APP, s'han centrat
en parlants monolinglies. La incapacitat de proporcionar serveis basats en evideéncies a
persones bilinglies representa una desigualtat per a poblacions cultural i
linglifsticament diverses com la resident a Catalunya. Es llavors, que a partir d’aquests
estudis, es genera la necessitat i l'interés d’investigar aquest aspecte en l'avaluaci6 i

intervencio de la parlai el llenguatge amb individus bilingiies.

Per una banda, estudiar les millors tecniques d’avaluacié per a persones bilingiies amb
APP per tal d’oferir el millor recurs i adequat a les seves necessitats lingiiistiques, i per
I'altre, investigar sobre com funcionen aquestes estrategies d’intervencié de la parlai el
llenguatge en aquesta poblaci6, analitzant la possible transferéncia interlingiiistica
després d’'una terapia bilingiie, la possible generalitzacié i els efectes de manteniment
en el temps, podrien constituir la continuacié natural de la recerca una vegada

finalitzada la fase predoctoral.
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CONCLUSIONS

1. La terapia de l'aprenentatge sense error mostra beneficis en el reaprenentatge
de paraules entrenades després de la intervencié i fins als tres mesos de
seguiment en pacients amb la variant semantica d’Afasia Progressiva Primaria.

No s’observa aquest efecte en la comprensié de paraules.

2. L’estimulacié electrica transcranial de baixa intensitat per corrent directe junt
amb la intervencié logopédica és viable, segura i ben tolerada pels pacients amb
Afasia Progressiva Primaria. No es van trobar diferencies entre I'estimulacio6
activa i simulada en les puntuacions cliniques que donin suport d’eficacia clinica

d’aquesta tecnologia en pacients amb Afasia Progressiva Primaria.

3. L’escala Barcelona per 'apraxia bucofonatoria és una eina que permet avaluar
quantitativament les caracteristiques verbals i no verbals dels pacients amb la
variant no fluent/agramatical de I’Afasia Progressiva Primaria i comparar-la amb
les altres variants d’Afasia Progressiva Primaria, i altres malalties

neurodegeneratives.

4. Laversio modificada de la terapia de 'entrenament de guions a través del Video
Implemented Script Training for Aphasia és acceptada i efectiva en les tres
variants d’Afasia Progressiva Primaria, mostrant millores en la produccid, I'is de
paraules clau, I'ds de sinonims i la qualitat global del gui6. No s’observen
diferencies en la modalitat d’intervenci6, ja sigui presencial o amb teleterapia,

sent les dues ben tolerades i viables per a tots els participants.
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