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Agraiments

Prefaci

Aquesta tesi és el resultat de molts anys de treball i interes genui pel Trastorn Delirant,
antigament conegut com a Paranoia, un trastorn psiquiatric consistent en la preséncia
de deliris sense altres simptomes psicotics com al-lucinacions. Per mi, aquest ha tingut
sempre un regust a la vegada de novel-la negra i de manual de psiquiatria del segle XIX,
entre altres coses a causa de I'escassa quantitat d’estudis cientifics moderns sobre el

tema, que contrasta amb lI'abundant literatura que havia generat durant el segle XIX.

Des del primer pacient amb Trastorn Delirant que vaig entrevistar quan era un resident
de psiquiatria de segon any, em vaig adonar que em topava amb una série de reptes
gue el feien unic: En primer lloc, la necessitat de dur a terme una mena d’investigacio
policial, per tal de fer aflorar, a I'entrevista, els deliris que tan curosament guardaven
els pacients. En segon lloc, el repte d’establir una relacié metge-pacient que em
permetés dur a terme un pla terapéutic en un ambient de col-laboracié, amb vista a
una bona evolucio a llarg termini. Aguesta “alianca” amb el pacient afecte de Trastorn
Delirant ha sigut clau per a fer possible aquesta tesi, especialment quan hem demanat
als pacients que participessin en aquesta recerca, signessin consentiments i

col-laboressin en els llargs estudis neuropsicologics i de neuroimatge. Em sento molt



orgullés d’haver mantingut una relacio ética i cordial amb els pacients que han

participat voluntariament en aquest estudi.

El tercer repte amb el qual em vaig trobar és el que probablement em va empenyer a
dur a terme aquesta recerca: I'escepticisme dels meus companys de feina. Molts
psiquiatres, al comentar els casos amb l'equip de treball, posaven en dubte el
diagnostic (“al final sera una esquizofrenia”), el tractament (“no responen a res”), o fins
i tot que aconseguis reclutar una mostra suficient per a fer un estudi ("no
col-laboraran”). Rapidament, em vaig adonar que no tenia massa arguments per
contestar, ja que la literatura cientifica era més aviat escassa, especialment pel que fa a
estudis, amb pacients i controls, de marcadors biologics (neuroimatge i neuropsicologia
sobretot). El camp de la neuroimatge, en concret, estava totalment orfe d’estudis

mitjanament rigorosos.

La possibilitat de dur a terme I'estudi a la unitat de recerca FIDMAG de Sant Boi, que
em va obrir les portes des de la meva arribada a I’hospital Benito Menni com a adjunt
de la planta d’aguts, i posteriorment I'obtencié d’un contracte Rio Hortega per a la

recerca, van permetre que pogués engegar aquest treball amb totes les garanties.
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Dels meus anys com a resident, he d’agrair especialment al Dr. Narcis Cardoneriala
Dra. Rosa Hernandez el seu ensenyament i mentoratge, aixi com que m’introduissin per

primer cop al mén de la recerca i en concret en el de la neuroimatge.
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darrers anys, hagi pogut dur a bon port aquest projecte. Gracies, Quim!
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doctoral amb dos fills corrent per casa.
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There is doubtless a group of cases where a lasting, unshakable system of delusions

clearly recognizable from the beginning, gradually developing, while presence of mind

and the order of the train of thought are completely conserved. It is for these forms

which | want to reserve the name of paranoia.

Emil Kraepelin, 1899
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Glossari

AAI - Abséncia d’adhesid intertalamica

BADS - Behavioural Assessment of the Dysexecutive Syndrome o avaluacié conductual
de la sindrome disexecutiva

CSP - Cavum Septum Pellucidum

DMN - Default Mode Network o xarxa neuronal per defecte

DRD4 - Dopamine Receptor D4 o receptor de dopamina D4

ESQ - Esquizofrenia

HLA - Human Leukocyte antigen o antigen leucocitari huma

OR - Odds Ratio o oportunitat relativa

RM - Ressonancia Magnética

RMf - Ressonancia Magnetica funcional

ROIs - Regions of interest o regions d’interes

TOC - Trastorn Obsessiu Compulsiu

VBM - Voxel-Based morphometry o morfometria basada en voxel

WAIS-III - Weschler Adult Intelligence Scale o escala d'intel-ligéncia per a adults de
Wechsler, 32 Ed.

WMS-III - Weschler Memory Scale o escala de memoria de Weschler, 32 Ed.
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Tesi en format de compendi d’articles

La tesi consta de 2 articles i un article annexat:

1. Vicens V, Radua J, Salvador R, Anguera-Camds M, Canales-Rodriguez EJ, Sarrd S,
Maristany T, McKenna PJ, Pomarol-Clotet E. Structural and functional brain

changes in delusional disorder. Br J Psychiatry. 2016 Feb;208(2):153-9.

2. Llandin-Romero R, Amann BL, Sarrd S, Guerrero-Pedraza A, Vicens V,
Rodriguez-Cano E, Vieta E, Salvador R, Pomarol-Clotet E, Radua J. Midline Brain
Abnormalities Across Psychotic and Mood Disorders. Schizophr Bull. 2016

Jan;42(1):229-38.

Ambdues revistes es troben en el primer quartil de la seva categoria.
Els dos articles sumen un factor d’impacte (IF) de 7,85 + 7,96 = 15,81 (consultat I

11/2020).
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Resum

Introduccid: El Trastorn Delirant o “Paranoia”, consistent en deliris sense altra
simptomatologia psicotica, és una entitat molt poc estudiada de la qual es desconeixen
els correlats neuronals. Aquest manca de coneixement és deguda en part a la relativa

raresa del trastorn i en part a les dificultats de reclutament.

Objectiu: Investigar les potencials anomalies d’estructura i funcié cerebral en pacients

amb Trastorn Delirant en comparacio a una mostra aparellada de controls sans.

Meétode: Vam invitar els participants a fer-se una ressonancia magnética amb
seqléncies estructurals i funcionals, tant en estat de repds com durant la realitzacié
d’una tasca de memoria de treball (n-back), aixi com una exploracié neuropsicologica.
Per a comparar (entre pacients i controls) el volum regional de substancia grisa, vam
usar la morfometria basada en voxels (VBM); per a les alteracions de la linia mitja, vam
avaluar la presencia de cavum septum pelliucidum (CSP) i I'abséncia d’adhesié
intertalamica (AAl); per a I'activacié cerebral cognitiva, vam usar RM funcional (fMRI)
amb la tasca n-back; per a la connectivitat cerebral, vam calcular la correlacié mitjana
de cada voxel amb la resta de voxels de substancia grisa durant fMRI en repos.
Addicionalment, per a l'avaluacié neuropsicologica, vam usar la WAIS 111 (Ql), la WMS-III

(memoria) i la BADS (funcid executiva).

Resultats: Vam reclutar 24 pacients amb Trastorn Delirant i 48 controls aparellats
individualment (1:2) per edat, génere, i Ql premorbid. En comparacié als controls, els
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pacients presentaven una disminucio de substancia grisa al cortex frontal medial /
cingulat anterior i la insula bilateral, un important augment de CSP i AAl, una absencia
de desactivacié al cortex frontal medial / cingulat anterior durant la tasca cognitiva, una
disminucié de connectivitat a la insula bilateral, un Ql intacte, i una disminucio

moderada de la memoria i la funcid executiva.

Conclusions: Aquest és el primer treball que realitza una caracteritzacié completa de
les alteracions cerebrals estructurals i funcionals del Trastorn Delirant, una entitat molt
poc estudiada. Les alteracions anatomiques sén compatibles amb diverses teories
sobre la patogénesi dels deliris, com la prominéncia aberrant o la hiperactivitat de la
xarxa neuronal per defecte. També mostren que aquest trastorn presenta similituds
amb altres psicosis pero que, en molts aspectes, es troba a mig cami entre les

alteracions observades en I'esquizofrénia i la normalitat.
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Abstract (angles)

Introduction: Delusional Disorder or “Paranoia,” consisting of delusions without other
psychotic symptoms, is a very little studied entity whose neural correlates are
unknown. This lack of knowledge is due in part to the relative rarity of the disorder and

in part to recruitment difficulties.

Objective: To investigate potential abnormalities in brain structure and function

compared to a paired sample of healthy controls.

Method: We invited participants to undergo an MRI with structural and functional
sequences, both at rest and during the performance of a working memory task
(n-back), as well as a neuropsychological examination. To compare (between patients
and controls) the regional volume of grey matter, we used voxel-based morphometry
(VBM); for midline alterations, we assessed the presence of cavum septum pellucidum
(CSP) and the absence of interthalamic adhesion (AAl); for cognitive brain activation,
we used functional MRI (fMRI) with the n-back task; for brain connectivity, we
calculated the average correlation of each voxel with the rest of the grey matter voxels
during resting-state fMRI. Additionally, for the neuropsychological assessment, we used

the WAIS-III (IQ), WMS-III (memory) and BADS (executive function).

Results: We recruited 24 patients with Delusional Disorder and 48 healthy controls
individually matched (1:2) for age, gender, and premorbid IQ. Compared to controls,
patients had a decrease in grey matter in the anterior medial/cingulate frontal cortex
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and bilateral insula, a significant increase in CSP and AAI, an absence of deactivation in
the anterior medial/cingulate frontal cortex during the cognitive task, a decreased
connectivity to the bilateral insula, an intact IQ, and a moderate decrease in memory

and executive function.

Conclusions: This is the first work that performs a complete characterization of the
structural and functional brain alterations of Delusional Disorder, a very little studied
entity. Anatomical alterations are compatible with various theories about the
pathogenesis of delusions, such as aberrant salience or hyperactivity of the default
network. They also show that this disorder bears similarities to other psychoses but
that, in many respects, it is halfway between the alterations observed in schizophrenia

and normality.
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Introducciod

Justificacio

El Trastorn Delirant (TD) és un trastorn que es caracteritza per la preséncia d'un deliri
Unic i fixe, que el pacient desenvolupa al llarg del temps. Aquest deliri és sovint de tipus
persecutori, encara que pot ser també de grandiositat, hipocondriac, cel-lotipic,
erotomaniac, mixt o inespecific. Molts pacients, a més, experimenten deliris
autoreferencials. L'altra caracteristica principal del Trastorn Delirant és I'abséncia
d'al-lucinacions auditives (o en tot cas lleus i ocasionals), aixi com dels simptomes

negatius tipics de I'esquizofrenia.

Es tracta d’un trastorn relativament infreqient, tot i que existeixen dubtes raonables
sobre la seva prevalenca real, donada la caracteristica quasinormalitat del
funcionament dels afectats, aixi com la seva tendeéncia a la desconfianca i I'escassa
consciencia de trastorn. La prevalenga del Trastorn Delirant s’ha estimat entre el 0,03%

(Kendler, 1982), i el 0,18% (Perala et al., 2007).

Actualment, segueixen existint dubtes en relacié amb la seva independéncia d'altres
trastorns psiquiatrics. El fet que la mateixa definicié del trastorn inclogui referencies
explicites a les diferencies amb I'esquizofrénia n'és un bon exemple. D’altra banda, en

un recent estudi de seguiment (Marneros et al., 2012), es va concloure que l'estabilitat
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diagnostica del Trastorn Delirant és significativament superior a la del trastorn psicotic
breu o del trastorn esquizoafectiu, i equival a I'alta estabilitat diagnostica de

I'esquizofrenia.

En I'ambit clinic, és un trastorn que acostuma a despertar sensacions contraposades:
per una banda, la d’estar davant d’'una “rara avis”, d’un cas especial, en el qual una
persona aparentment normal presenta una idea fixa clarament delirant i que, sovint,
requereix una certa experiencia o traga a I'entrevista psiquiatrica, per tal d’'obtenir-ne
una imatge completa. D’altra banda, la sensacié que el diagnostic no és del tot
consistent, que alguna cosa s’escapa, que ens ha fet passar per alt que en el fons es
tracta d’una esquizofrénia. | finalment, la dificultat a I'hora d’escollir un tractament
adequat, per una banda a causa de la manca de recomanacions cientifiques solides
amb relacio a I'estratégia terapéutica, i per I'altra per I'escassa consciéncia de malaltia

dels pacients afectes de Trastorn Delirant, i per tant I'escassa adheréncia al tractament.

Aixi doncs, existeix un buit molt considerable quant a I'estudi del Trastorn Delirant,
sobretot en comparacié amb altres trastorns psiquiatrics majors amb els quals
comparteix simptomes, com és el cas de I'esquizofrénia. Aixo fa dificil establir
diferéncies clares entre aquests trastorns, a la vegada que provoca un cert
escepticisme dels clinics a I'hora de diagnosticar un trastorn del qual es coneix poc
sobre la seva evolucid a llarg termini i les diferéncies bioldgiques que té amb altres

trastorns psicotics.
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Com a clinic d’una unitat d’aguts amb una gran quantitat d’ingressos, vaig tenir
I'oportunitat de trobar casos de Trastorn Delirant amb una certa regularitat, i
d’experimentar les dificultats de tractar aquest tipus de casos. Va ser la frustracid
davant I'absencia d’unes pautes clares en I'ambit diagnostic i terapéutic la que em va
motivar a comencar a estudiar aquests casos amb més profunditat. D’altra banda, el
nivell d'escepticisme d’alguns companys de professié davant el diagnostic de Trastorn
Delirant, cosa que no passa normalment amb altres trastorns de I'espectre psicotic o
afectiu, em va indicar clarament que faltaven dades cientifiques que donessin suport al

clinic a I'hora d’abordar un pacient amb aquesta orientacié diagnostica.

Loportunitat de poder accedir a una xarxa de centres ambulatoris i hospitalaris que
cobria una area enorme de la poblacié de la provincia de Barcelona, em va fer creure
gue era possible trobar un nombre suficient de pacients que ens permetessin realitzar
un estudi de les seves bases biologiques. Aixi doncs, vam poder localitzar i entrevistar
amb molta cura un grup de pacients afectes de Trastorn Delirant, fent un emfasi molt
especial en el diagnostic clinic, per al qual ens vam ajudar d’una llarga entrevista
semiestructurada (PSE, Present State Examination), que vam realitzar sistematicament
dos investigadors (el Professor Peter McKenna i jo mateix). Vam descartar tots els casos
dubtosos, com per exemple els 4 casos de comorbiditat amb trastorn bipolar, que ja

haviem publicat préeviament (Vicens et al., 2011).

Finalment, vam decidir centrar-nos en un aspecte clau del trastorn, que ha estat
especialment oblidat per I'estudi cientific d’aquesta malaltia, i que creiem que és clau

per a la seva caracteritzacid: la neuroimatge.
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Aproximacio general al Trastorn Delirant

Revisid historica del concepte

El Trastorn Delirant és I’'hereu del trastorn mental qué Kraepelin va descriure fa més de
cent anys com a Paranoia. Encara que la definicié actual del Trastorn Delirant beu
directament de la descripcid de la Paranoia que en va fer el mestre alemany, és
interessant fer-ne una breu revisié historica, ja que Paranoia és un terme que ha sigut
ampliament usat des de fa segles, tant per la comunitat cientifica com per la poblacid

en general, amb significats que han anat variant al llarg del temps.

La paraula Paranoia, d’origen grec (Para - fora, Noia- pensament), va ser usada per
primer cop en les tragédies gregues d’Euripides (480-406 aC), Esquil (525-456 aC) i
Aristofanes (445-385 aC), per referir-se a la bogeria d’'una forma general. Posteriorment
va ser usada pels filosofs Platé (427-347 aC) i Aristotil (384-322 aC), aixi com per
Hipocrates (460-370 aC). Aquest darrer la relacionava els estats de “febres altes”,
descrivint una simptomatologia equivalent al que podriem orientar avui en dia com a

delirium.

Pero la historia del Trastorn Delirant és la de la Paranoia moderna, recuperada dels
llibres antics per Heinroth a principis del segle XIX, i usada per ell indistintament amb la
paraula alemanya Verriicktheit (bojeria). Heinroth va descriure la Paranoia com una
alteracié de l'intel-lecte en la qual les emocions i la volicid estaven conservades, tot i

gue reconeixia la dificultat de trobar-ne casos purs. Seguint aquesta linia, I'escola
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nosologica alemanya va anar donant diferents usos a la paraula Paranoia durant el
segle XIX, de forma que va convertir-se en un terme extremadament vague. En general,
es va usar per referir-se als trastorns amb deliris no acompanyats d’agitacié marcada

i/o humor expansiu i/o retard psicomotor o humor deprimit.

La Paranoia Kraepeliniana

La historia moderna del Trastorn Delirant comenca amb Kraepelin. Després de fer les
primeres descripcions dels trastorns ara coneguts com a esquizofréenia i trastorn
bipolar, Kraepelin va dirigir la seva atencidé cap a un concepte diagnostic que, com hem

explicat, ja existia: la Paranoia.

Tot i que, tal com explicavem, a principis del segle XIX el terme Paranoia s’havia usat
per referir-se a pacients que presentaven un sistema delirant ben organitzat en

absencia d’altres simptomes, I'Us d’aquest s'havia degradat fins al punt que en época
de Kraepelin representava més del 50% dels diagnostics que es realitzaven en aquell

moment els hospitals mentals alemanys.

Kraepelin (1909) va dur a terme un esfor¢ de recopilacié de casos, i va acabar
identificant unes desenes de pacients que presentaven una simptomatologia “pura”:
d’una banda, uns deliris ben estructurats, sistematitzats, amb coheréncia interna, i
desenvolupats de forma insidiosa. D’'altra banda, abséncia d’al-lucinacions o, en el cas
de les al-lucinacions auditives, només en circumstancies excepcionals, com per
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exemple en un estat oniric o en una experiencia visionaria en les primeres etapes del
trastorn. Els pacients tampoc no mostraven I'aplanament o la inadequacié de I'afecte
tipics de I'esquizofrenia. Finalment, en qliestions no relacionades amb els seus deliris,

els pacients eren completament racionals.

De fet, en va fer una descripcid que és la que ha arribat, amb alguns canvis menors, fins
als nostres dies. Aquest text és una traduccié a I'anglés de Sabine Ayed de l'edicié de

1899 del manual de Psiquiatria de Kraepelin.

“These, briefly, are the considerations which make me assume a fundamentally
different attitude with respect to the question of paranoia. | consider only those cases
of disease identical which, apart from differences in degree and particular incidents,
have the same result in general [and the same] ... essential characteristics of the
disease — the fundamental incurability [and], the permanent occurrence of delusions....
Of the great number of chronic cases which are usually grouped with paranoia, those
where the delusions are attended with clear signs of mental debility, in my view, also
need separate consideration. In these cases, we observe that the delusions rapidly take
quite fantastic forms .... On the other hand, there is doubtless a group of cases where a
lasting, unshakable system of delusions clearly recognizable from the beginning,
gradually developing, while presence of mind and the order of the train of thought are
completely conserved. It is for these forms which | want to reserve the name of

paranoia.”
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Decadeéencia i renaixement

El treball de Kraepelin va ser posat en dubte per autors com Schneider, Freud o Kolle,
que consideraven la Paranoia com una versio lleu de I'esquizofrenia.

De fet, Kolle (Kolle, 1931), per provar la seva hipotesi, va revisar la historia clinica de 19
pacients diagnosticats de Paranoia per Kraepelin de 4 a 22 anys després que es fes el
diagnostic originalment. En diversos casos va descobrir que havia aparegut
simptomatologia suggestiva d’esquizofrénia, perd també és cert que en 10 casos no va

trobar cap canvi.

Aixi doncs, els anys que van seguir el treball de Kraepelin, van dur la Paranoia a un estat
de latencia, del qual no en va sortir fins a finals dels anys 70 del segle XX. El terme va
anar perdent sentit en I'ambit psiquiatric, per ser usat de nou per descriure diferents
patologies, ja sigui lligades a la personalitat (personalitat paranoide), a les
caracteristiques propies dels deliris (deliris paranoides) o a estats transitoris (estats

paranoides).

DSM IlI-R

A finals dels anys 1970, 'APA (Associacid de Psiquiatria Americana) estava fortament
controlada per un sector de psiquiatres d’influencia psicoanalitica. Aixo condicionava la
classificacio dels trastorns mentals, cosa que es plasmava als successius manuals DSM.

A finals d’aquella década, un grup de psiquiatres, classificats posteriorment com a
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neo-Kraepelinians, va comencar a publicar articles en els quals defensaven recuperar
una classificacio dels trastorns basada en la seva clinica, i no en la interpretacié de les
causes subjacents que provocaven els mateixos. En aquest context, el Trastorn Delirant

va ser un dels cavalls de batalla més significatius.

Winokur era un d’aquests psiquiatres, i va ser el primer a publicar un influent article
(1977) en el qual, revisant una série de casos historics del seu hospital, en va trobar
una trentena que tenien una gran similitud amb la descripcid de Kraepelin del trastorn
anomenat paranoia. Per tal d’evitar les connotacions historiques del terme, i en una
maniobra forca brillant, Winokur en va proposar un nou nom, Delusional Disorder

(Trastorn Delirant), que és el que fem servir en I'actualitat.

The controversy over the diagnostic status of paranoia is made unnecessarily difficult
by the ambiguity of the term “paranoid”. It is used in three different ways: (1) to denote
suspiciousness; (2) to denote a specific type of delusion, ie, persecutory delusions; and
(3) to describe a psychiatric syndrome (as in the term “paranoid psychoses”) whose
prominent feature is the presence of delusions that are not necessarily “paranoid” or
persecutory delusions. To avoid the confusion induced by the ambiguity of the term
“paranoid’, this article, after Winokour, will call the group of delusional psychoses

“delusional disorder” (DD). (Kendler, 1980)

Aixi doncs, seguint les descripcions proposades per Winokur i Kendler, i en el context

de la revolucidé que va suposar el DSM-III-R, 90 anys després de la definicié proposada

29



per Kraepelin, la Paranoia va passar del calaix de sastre dels Trastorns Paranoides
(DSM-111) a anomenar-se Trastorn Delirant (DSM-III-R), amb uns criteris diagnostics que

no han canviat massa des de llavors.

DSM-V (2013)

El DSM-V ha mantingut les principals caracteristiques diagnostiques del DSM-IV i el

DSM-I1I-R.

Un petit canvi que té cert interes per aquest doctorand és el fet que el DSM-V
especifiqui, per primera vegada, que els pacients amb Trastorn Delirant poden haver
patit episodis maniacs, encara que breus amb relacid a la duracié del Trastorn Delirant
de base. Aix0 va en la linia del que vam publicar préviament (Vicens et al., 2011), on
descriviem 4 casos de comorbiditat d’episodis maniacs de duracié breu (dies o

setmanes) amb un diagnostic de Trastorn Delirant d’anys d’evolucid.
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DSM-V criteria for delusional disorder

A The presence of one (or more) delusions with a duration of 1 month or longer.

B. Criterion A for schizophrenia has never been met.

Note: Hallucinations, if present, are not prominent and are related to the delusional
theme (e.g., the sensation of being infested with insects associated with delusions of
infestation).

C. Apart from the impact of the delusion(s) or its ramifications, functioning is not markedly
impaired, and behavior is not obviously bizarre or odd.

D. If manic or major depressive episodes have occurred, these have been brief relative to the
duration of the delusional periods

E. The disturbance is not attributable to the physiological effects of a substance or another
medical condition and is not better explained by another mental disorder, such as body

dysmorphic disorder or obsessive-compulsive disorder.

31



Fenomenologia dels deliris

Aguesta aproximacio al Trastorn Delirant no podria ser completa sense una analisi
fenomenologica de la simptomatologia principal del trastorn, els deliris. Un
enfocament d’aquest tipus d’enfocament ens pot permetre explicar algunes similituds
(TOC i Trastorn Delirant) i diferencies (Trastorn Delirant i esquizofrenia). McKenna
(1984), coautor dels articles presentats en aquest treball, va actualitzar I'obra de
Wernicke i Jaspers, establint una concepcio lleugerament diferent dels deliris. Va
afirmar que les idees sobrevalorades del Trastorn Delirant (o "delusion-like") eren
qualitativament diferents dels veritables deliris de I'esquizofrénia i va explicar que el fet
d'estar convencut d'alguna cosa falsa o no real no implica un estat delirant, ja que el
deliri té una qualitat "aliena" que no existeix en el Trastorn Delirant. Va concloure que
les diferents monomanies que formen el Trastorn Delirant (trastorn dismorfic corporal
delirant, parasitosi delirant, gelosia delirant, deliris persecutoris, etcetera) mostren
"semblances fenomenologiques amb les creences normals, i també s'assemblen a
aquestes en el seu desenvolupament". Segons McKenna, aquestes idees
sobrevalorades es desenvoluparien de manera similar, només diferint pel seu tema
sobrevalorat / delirant. Per il-lustrar-ho, finalment va afegir: "les conviccions politiques,
religioses i etiques apassionades estan tan indissolublement lligades a la personalitat i
a I'experiéncia, sorgeixen de manera tan impredictible i tenen la mateixa capacitat per

alterar tota la forma de vida d'un individu".

En una linia similar, Insel i Akiskal (Insel & Akiskal, 1986) van defensar |'acceptacié del

terme "TOC amb trets psicotics" després d'explicar que es pot produir el pas d'una
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obsessio a un deliri quan una alteracié afectiva condueix a I'abandonament de la
resistencia. De fet, s’ha subratllat posteriorment (Alonso et al., 2008) la influencia
negativa de les alteracions emocionals en la percepcié de |'absurd en els simptomes del
TOC, i s'ha suggerit un mecanisme similar (Fontenelle et al., 2006) per al trastorn

dismorfic corporal delirant.

Aguesta genesi delirant gradual explicaria la dificultat que es troben els clinics a I'hora
de separar els trastorns no delirants dels trastorns totalment delirants en els diferents
subtipus de Trastorn Delirant. Un espectre d'insight podria ser comd no només per al
trastorn dismorfic corporal i el TOC, sind també per a la resta de trastorns delirants,

inclosos tots els seus subtipus, i probablement I'anoréxia nerviosa.

Aixi doncs, és interessant fer-se la pregunta de si, en el cas del Trastorn Delirant, els
deliris evolucionen a partir d'obsessions, de preocupacions hipocondriaques, de gelosia
patologica/obsessiva o de sensibilitat paranoica, fins a convertir-se en un deliri.
Comparteixen els diferents subtipus de Trastorn Delirant, de fet, un mecanisme
diferent dels deliris de I'esquizofrénia i que evoluciona a través d'un ampli espectre
d'insight? Millorar-ne la caracteritzacié de les alteracions cerebrals és sens dubte un

element clau per a trobar-hi les respostes.
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Bases biologiques del Trastorn Delirant

Abans de dur a terme els estudis que es presenten en el marc d’aquesta tesi, vam
realitzar una revisié exhaustiva de la literatura cientifica publicada des del 1977, I'any
en el qual es va usar per primer cop el terme Delusional Disorder, la qual ens serveix
com a punt de partida per a la nostra recerca. A continuacié fem un resum d’aquesta

revisio.
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Neuroimatge

Els estudis de Neuroimatge relacionats amb el Trastorn Delirant son escassos i
la majoria d’ells tenen problemes de validesa importants. Existeixen alguns case
reports, aixi com diversos estudis amb séries petites de pacients d’edat avancada, en
els quals la preséncia d’alteracions cerebrals neurologiques vasculars fa que les

troballes amb relacié al Trastorn Delirant no puguin ser generalitzables.

Neuroimatge estructural

Flint et al. (Flint, 1991) van descriure en un estudi retrospectiu la preséncia de lesions
de substancia blanca en el 100% dels seus pacients amb Trastorn Delirant de més de 60
anys (paranoia d'aparicio tardana), en comparacié amb un 8% en els diagnosticats de
parafrénia tardana (un trastorn semblant a la paranocia perdo amb al-lucinacions
prominents). Aquests resultats no es van poder replicar amb pacients similars (Howard,
1994), en una mostra molt més gran, pero de més de 80 anys de mitja. En lloc d'aixo, es
va descriure un augment significatiu del volum de ventricles laterals en comparacio

amb els controls sans i amb els pacients amb esquizofrénia.

Neuroimatge funcional

Més enlla d’alguns informes de casos aillats, Unicament podem destacar un estudi
(Oflaz et al.,, 2014) en que es va dur a terme una analisi de casos i controls en 9

pacients amb Trastorn Delirant i 9 controls sans, que van ser explorats amb
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Ressonancia Magnetica funcional (RMf) durant la realitzacid de la tasca cognitiva
(n-back). En aquest estudi, els pacients amb Trastorn Delirant mostraven una activacio
disfuncional durant la realitzacié de la tasca de memoria de treball a diverses zones del

cervell, en concret en zones prefrontals, temporals i limbiques.

Finalment, i a manera de resum, una revisié recent de tota la literatura publicada en
neuroimatge del Trastorn Delirant (Gonzalez-Rodriguez et al., 2015), va constatar el
seglent: “tot i que no es poden extreure conclusions cliniques solides de la nostra
revisid, hem de subratllar que l'evidéncia d’estudis d’imatge estructurals i funcionals
suggereix que les arees fronto-temporo-parietals, aixi com els ganglis basals, poden ser
regions d’interés o objectius per explicar millor la fisiopatologia dels deliris i estudiar
correlacions potencials entre la disfuncié de la xarxa cerebral i els efectes dels
antipsicotics". A continuacid, concloia que “Es requereixen investigacions addicionals
mitjangant una metodologia consistent per a una millor comprensié dels factors

neurobiologics implicats en el Trastorn Delirant”.
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Genetica

La majoria dels estudis genétics de Trastorn Delirant revisats s’inclouen en
estudis més amplis relacionats amb I'esquizofrenia. Tots ells presenten almenys una de
les limitacions metodologiques seglients: diagnostic no sistematic, mostra petita,
abséencia d’un grup control, diagnostics fets sense entrevistes o riscos no ajustats per

edat.

En el camp de I'Epidemiologia Genetica, la investigacié del Trastorn Delirant es va
iniciar el 1977 amb el mencionat treball de Winokur en el que va donar nom al mateix
trastorn. Diversos estudis realitzats a principis dels anys 80 del segle XX per I'eminent
psiquiatra Kenneht S. Kendler (Kendler, 1980, 1982; Kendler & Hays, 1981) constataven
una manca de relacié entre el diagnostic de Trastorn Delirant i la preséncia
d’esquizofrenia o trastorns afectius en els familiars dels probands. També es va
descriure una manca d'augment del risc de Trastorn Delirant en els parents de pacients
afectes d’esquizofrenia o de trastorns afectius. Quan es va avaluar el risc de Trastorn
Delirant en els familiars de pacients amb Trastorn Delirant, aquests van presentar un

baix percentatge de familiars afectats (0-1,8%).

En resum, és improbable una forta relacié genética entre esquizofrenia i Trastorn
Delirant, perd no es pot descartar una relacié més feble. Pel que fa a I’heretabilitat del
Trastorn Delirant, els resultats no sén concloents, tot i que apunten cap a una abséencia

d’aquesta.
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D’altra banda, s'han dut a terme un grapat d'estudis d'associacid genetica amb
probands de Trastorn Delirant per desemmascarar gens de susceptibilitat. La hipotesi
dopamineérgica prevalent per a les psicosis ha portat els investigadors a centrar els seus
estudis en les alteracions del sistema dopaminérgic, principalment receptors i
transportadors de dopamina. S'han associat diverses variacions geniques al Trastorn
Delirant, pero els resultats positius han estat febles o no s'han pogut replicar: les
mutacions de I'exdé del gen receptor D4 de la dopamina (DRD4) s'han relacionat amb
Trastorn Delirant (Catalano et al., 1993) i posteriorment s'han descartat (Serretti et al.,
1999). S'han trobat resultats no concloents similars per a DRD3, DRD2, la Tirosina

Hidroxilasa i el Transportador de la Dopamina (DAT).

Només un estudi genetic ha abordat el trastorn des d’un punt de vista no
dopamineérgic: en una mostra considerable (101 pacients amb Trastorn Delirant),
Debnath et al (2005) van descriure un augment significatiu (RR 8,5) de I'HLA-AO3 en
pacients amb Trastorn Delirant del grup étnic bengali indi. Tot i que van admetre que
no estaven en condicions de proposar una patogenia autoimmune per al Trastorn
Delirant, van suggerir la presencia d’un locus de susceptibilitat a la regié HLA.
Posteriorment, el mateix grup van descriure resultats comparables en I'esquizofrenia
(Debnath et al., 2006), suggerint l'existéencia de possibles lligams etiologics entre

esquizofrénia i Trastorn Delirant.

Finalment, Zenner et al (1997) analitzaven les conseqiiéncies funcionals de la mutacio

DRD4 esmentada que s’havia relacionat amb el Trastorn Delirant, sense detectar
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alteracions funcionals en Iafinitat del receptor per la dopamina (activacid) o

I’haloperidol (inactivacio).

Com a conclusio, podem dir que cap de les troballes en el camp de la genética no ha
pogut ser replicada. D’altra banda, els mencionats estudis de Kendler amb relacié a
I’heretabilitat del trastorn no han sigut replicats amb mostres més grans i, tot i que
segueixen sent la referéncia en el camp del Trastorn Delirant, no suposen una evidéncia

solida.
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Neuropsicologia

La formacié dels deliris, que son l'esséncia del mateix Trastorn Delirant s’ha
analitzat des del punt de vista neuropsicologic en diferents estudis. Existeixen tres
models que s’han investigat amb més o menys profunditat: un model de biaix cognitiu,
un model de déficit cognitiu i un model d’alteracié perceptiva. Lobjectiu final, en la
majoria dels casos, ha estat comparar un Trastorn Delirant “pur” amb altres trastorns
en que els deliris acompanyen una simptomatologia més complexa (esquizofrénia,

psicosis afectives, etcétera).

Seguint el model del biaix cognitiu dels deliris, Fear i Healy (1996)
hipotetitzaven que els pacients amb Trastorn Delirant tenen biaixos que “compensen”
la seva baixa autoestima i tenen tendéncia a percebre’s negativament. Van descriure un
augment de la sensibilitat als estimuls relacionats amb I'amenaca, acompanyats de
subtils deficits cognitius socials (inflexibilitat cognitiva). Aquesta troballa no va poder
ser replicada posteriorment (Bbmmer & Briine, 2007), portant a Abdel-Hamid & Briine
(2008) a concloure que “l'estat actual del coneixement no ddna suport a l'existéncia

d’un estil atributiu especific associat a creences delirants en el Trastorn Delirant ”.

En la linia del model de deficit cognitiu, Garety et al (1991) van comparar les
actuacions de Trastorn Delirant, I'esquizofrénia i controls sans en una tasca inferencial
probabilistica neutra (on s’evita la introduccié de material relacionat amb els deliris).

Van observar que els subjectes delirants, independentment del seu diagnostic,
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arribaven a conclusions (Jump to Conclusion) molt abans que els Controls en aquestes
tasques probabilistiques. També van trobar que els pacients delirants estaven més
disposats a canviar les seves conclusions inicials quan s'enfrontaven a informacio
potencialment disconfirmativa. Tot i que inicialment, estudis successius, amb petites
mostres, van trobar resultats no concloents (C. F. Fear & Healy, 1997) o no significatius
(Conway et al.,, 2002), les investigacions més recents ens porten cap a un punt
lleugerament diferent: lbafiez-Casas i Cervilla (2012) concloien que existia al Trastorn
Delirant un deteriorament de funcions executives com la flexibilitat, la impulsivitat, el
raonament i la memoria de treball, juntament amb la memoria i els processos

d’aprenentatge.

També, en un estudi recent, Diaz-Caneja et al (2019), relacionen la preséncia de déficits
cognitius i d’alteracions de la memoria verbal amb un pitjor funcionament global dels
pacients amb Trastorn Delirant. Aquestes alteracions suggereixen, també, un potencial

rol de les intervencions cognitives en el tractament dels pacients amb Trastorn Delirant.

El paper de les alteracions perceptives en la genesi dels deliris també ha estat proposat
i investigat en el camp del Trastorn Delirant. Alguns estudis no han trobat alteracions
perceptives (Conway et al., 2002; Garety PA et al., 1991) mentre que d’altres han
descrit alteracions lleus en la percepcid visuoespacial (Hardoy et al., 2004). Per la seva
banda, en una replicacié d’un estudi anterior, Campana at al (1998) van descriure una

disfuncidé del seguiment ocular similar a la descrita per als pacients amb esquizofrenia.

43



Com a conclusié, podem dir que els estudis duts a terme fins ara apunten cap a una
alteracié de diverses funcions neuropsicologiques, i en particular de la memoria i de les

funcions executives.
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Tractament

En entorns clinics, el Trastorn Delirant es considera habitualment un trastorn
dificil de tractar. En primer lloc, per la caracteristica manca de consciéncia de trastorn
dels pacients, i en segon lloc, per la manca de recomanacions clares quant al seu
tractament. Historicament s’ha tractat amb antipsicotics, perd la revisié de la literatura

cientifica disponible aporta conclusions més aviat poc prometedores.

Malgrat que inicialment s’havia considerat que el pimozide podria ser un tractament
especialment efectiu en el Trastorn Delirant, especialment arran de les publicacions
d’Alistair Munro (Munro, 1999; Munro & Mok, 1995), en una revisié recent, Skelton et
al. (2015) conclouen que “actualment no hi ha proves suficients per fer recomanacions
basades en l'evidéncia per a tractaments de qualsevol tipus per a persones amb
Trastorn Delirant. Les proves limitades que hem trobat no son generalitzables per a la
poblacié de persones amb Trastorn Delirant. Fins que no es trobin més proves, sembla
raonable oferir tractaments que tinguin eficacia en altres trastorns psiquiatrics”.
Munoz-Negro i Cervilla (2016) arriben a conclusions similars en la seva revisio, pero
matisen una possible superioritat dels antipsicotics de primera generacid, aixi com un

possible benefici amb la introduccié d’un tractament coadjuvant amb antidepressius.

Per la seva banda, Gonzalez-Rodriguez et al (2016), en un estudi observacional,
reporten una resposta similar a antipsicotics en una cohort de pacients amb
esquizofrénia, comparat amb una cohort comparable de pacients amb Trastorn

Delirant, concloent que “Els percentatges de resposta antipsicotica en Trastorn Delirant
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i les dosis d’antipsicotics necessaries en el nostre estudi recolzen la hipotesi que el
Trastorn Delirant és un trastorn amb una resposta raonablement bona als antipsicotics

quan es tracta adequadament.”
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Hipotesi

La hipotesi principal d’aquesta tesi doctoral és que el Trastorn Delirant és un trastorn
psiquiatric que s'acompanya d’alteracions cerebrals estructurals i funcionals, i que
aquestes alteracions sén diferents de les que es poden observar en altres trastorns

psicotics com I'esquizofrenia.
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Objectius

Lobjectiu global d’aquesta tesi és estudiar de les caracteristiques estructurals i
funcionals cerebrals que presenten els pacients amb Trastorn Delirant. Aquest objectiu

es concreta amb els seglients objectius especifics:

1. Estudiar les anomalies de volum cerebral regional de substancia grisa en pacients
amb Trastorn Delirant en comparacio a una mostra de controls sans.

2. Estudiar les alteracions de la linia mitja cerebral en pacients amb Trastorn Delirant
en comparacié a una mostra de controls sans.

3. Estudiar les alteracions d’activacié cerebral durant una tasca cognitiva en pacients
amb Trastorn Delirant en comparacio a una mostra de controls sans.

4. Estudiar les alteracions de connectivitat funcional cerebral en pacients amb
Trastorn Delirant en comparacié a una mostra de controls sans.

5. Addicionalment, estudiar les alteracions neuropsicologiques en pacients amb

Trastorn Delirant en comparacié a una mostra de controls sans.

Aquest treball ajudara a una millor comprensié de la genesi dels deliris. En tractar-se
d'un trastorn amb una simptomatologia delirant molt delimitada, en abséncia de molts
altres simptomes habituals en altres trastorns amb simptomatologia psicotica, esperem

poder caracteritzar de forma més acurada la base neurobiologica dels deliris.

49



50



Materials i Metodes

En aquesta tesi, es van estudiar les possibles alteracions cerebrals del Trastorn Delirant
en una mostra de 24 pacients que complien els criteris DSM-IV per a Trastorn Delirant,
reclutats principalment al Complex Assistencial en Salut Mental Benito Menni, a Sant
Boi de Llobregat, a les diferents unitats tant ambulatories (Centres de Salut Mental)
com d’ingrés (unitats d’aguts i subaguts). També, es va contactar amb professionals de
la salut mental que treballen als hospitals publics i consultes privades de |'area
Metropolitana de Barcelona (Baix Llobregat, Barcelones, i Vallés). Addicionalment, es
van reclutar pacients provinents d'estudis de primers episodis psicotics, diagnosticats
de Trastorn Delirant i que es van entrevistar 2,5 a 4,5 anys després d’aquest primer

episodi, confirmant que cap d'ells havia tingut un canvi en el diagnostic.

Els diagnostics es van establir mitjangant una entrevista psiquiatrica estructurada, duta
a terme per part de 2 psiquiatres, un d'ells el doctorand, i I'altre un psiquiatre amb més
de 35 anys d’experiencia i multiples publicacions de referéncia en el camp de la psicosi i
els deliris (Prof. Peter McKenna). Per dur a terme el diagnostic, es va usar l'entrevista
semi-estructurada lifetime del Present State Examination, 92 edicid, que es va traduir al
castella per a I'ocasié. A més, es va revisar la historia clinica dels pacients i es va
entrevistar els clinics responsables del seguiment dels pacients en el passat i en el

moment de |'estudi.

Els pacients es van excloure en cas que tinguessin menys de 18 anys, fossin més grans

de 65, tinguessin historia present o passada de trauma cranial, historia d'abus o
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addiccid a alcohol o drogues, o patissin algun tipus de retard mental. En linia amb el
DSM-IV, es van incloure pacients que havien experimentat simptomes depressius,
sempre que aquests haguessin tingut una durada curta en relacié amb la durada dels
deliris (la durada dels simptomes depressius no es descriu de forma operativa al
DSM-1V, pero en qualsevol cas, en la mostra reclutada, els pacients tenien una durada
dels episodis depressius de dies a setmanes, en contraposicié amb simptomes delirants
de 4 a 26 anys de durada). Addicionalment, es va requerir que els pacients no
tinguessin criteris de depressid major en el moment de I'estudi. Els pacients amb
historia de mania van ser exclosos de I'estudi. Tots els pacients seleccionats tenien
deliris actius en el moment de I'exploracié mitjancant neuroimatge. També, per a

realitzar I'estudi de neuroimatge, es va requerir que els pacients fossin dretans.

El Ql premorbid es va estimar mitjangant I'Us d'una versio validada del Test de
Acentuacion de Palabras (TAP). Tant pacients com controls requerien tenir un Ql
superior a 70, el qual es mesura usant 4 subtests del de I'Escala d'Intel-ligéncia de
I'Adult de Weschler (WAIS-II1). Addicionalment, es va realitzar una avaluacié de la
memoria mitjancant la WMS-IIl i de la sindrome disexecutiva mitjancant I'escala BADS.
Les exploracions neuropsicologiques es van dur a terme entre 7 dies abans i el mateix

dia de la realitzacio de la prova d’imatge.

En el cas del primer article, per al qual es van poder reclutar 22 pacients amb trastorn
delirant (es van reclutar dos pacients més per al segon estudi publicat), els controls
consistien en un grup d'adults sans, emparellats individualment 2:1 als pacients,
seguint criteris d'edat, genere, i Ql premorbid estimat. Van ser reclutats entre personal

no-medic dels centres hospitalaris, coneguts, i persones de la comunitat a través
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d'anuncis. També, van ser interrogats amb una entrevista estructurada per a descartar

historia de trastorns mentals personals o en familiars de primer grau, aixi com
antecedents de tractament amb medicacié psicotropica, més enlla de I'Us esporadic

d'ansiolitics o hipnotics. Tots eren dretans.

Per al segon article presentat, es van analitzar dades dels 24 pacients amb Trastorn
Delirant, juntament amb dades de 615 pacients analitzats préviament en una série
d’estudis de neuroimatge estructurals i funcionals. La mostra incloia, a més dels
pacients amb Trastorn Delirant, pacients amb esquizofrénia, trastorn esquizoafectiu,
trastorn bipolar, trastorn depressiu major, i primers episodis psicotics, maniacs o de
depressio unipolar. Juntament amb aguesta mostra, es van analitzar les dades d’una

mostra de 223 controls sans.

Lobjectiu principal dels dos articles era establir quins tipus de canvis cerebrals

estructurals i funcionals s’associen amb el Trastorn Delirant.

Es va usar Voxel-Based Morphometry (VBM) per a examinar la preséncia de canvis
cerebrals estructurals regionals, i inspeccio visual per a la deteccié d’anomalies de la
linia mitja. Per a 'avaluacio de I'activacié cerebral cognitiva es va dur a terme una
Ressonancia Magnética funcional (RMf) durant la realitzacié d’'una tasca de memoria
de treball, la tasca n-back, que s’ha utilitzat ampliament en I'esquizofrénia i en altres
trastorns mentals. També es va dur a terme una analisi de connectivitat funcional

cerebral mitjancant RMf en repos i exploracions neuropsicologiques.
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In delusional disorder

Background
Delusional disorder has been the subject of very little
investigation using brain imaging.

Aims
To examine potential structural and/or functional brain
abnormalities in this disorder.

Method

We used structural imaging (voxel-based morphometry, VBM)
and functional imaging (during performance of the n-back
task and whole-brain resting connectivity analysis) to
examine 22 patients meeting DSM-IV criteria for delusional
disorder and 44 matched healthy controls.

Results
The patients showed grey matter reductions in the medial
frontal/anterior cingulate cortex and bilateral insula on

Structural and functional brain changes

Victor Vicens, Joaquim Radua, Raymond Salvador, Maria Anguera-Camos, Erick J. Canales-Rodriguez,
Salvador Sarr6, Teresa Maristany, Peter J. McKenna* and Edith Pomarol-Clotet*

unmodulated (but not on modulated) VBM analysis, failure of
de-activation in the medial frontal/anterior cingulate cortex
during performance of the n-back task, and decreased
resting-state connectivity in the bilateral insula.

conclusions

The findings provide evidence of brain abnormality in the
medial frontal/anterior cingulate cortex and insula in
delusional disorder. A role for the former region in the
pathogenesis of delusions is consistent with several other
lines of evidence.

Declaration of interest
None.

copyright and usage
© The Royal College of Psychiatrists 2016.

Delusional disorder is a relatively uncommon disorder that is
characterised by a single form of psychotic symptom. Patients
develop a fixed abnormal belief that is often persecutory in nature,
although it may take other forms, e.g. grandiose, hypochondriacal
or of sexual infidelity." Many but not all patients also experience
delusions of reference. Other psychotic symptoms, in particular
auditory hallucinations, are either absent or only minor and
occasional. A minority of patients — 21% according to a recent
study’ — ultimately develop schizophrenia. Comorbidity with
mood disorders, especially major depression, also seems
increasingly likely;>* however, current diagnostic criteria require
that the total duration of mood episodes is brief relative to the
duration of the delusional periods.

As a disorder that shares clinical features with, and may
sometimes progress to, schizophrenia, it would be of interest to
know whether delusional disorder is associated with the kind of
brain structural abnormalities seen in this and other psychiatric
disorders. To date, however, only one structural imaging study
has been carried out: Howard et al’ used magnetic resonance
imaging (MRI) to measure brain and lateral ventricular volume
in 19 patients with late-onset (>60 years) delusional disorder,
35 patients with late-onset schizophrenia and 35 healthy controls.
The main finding was a significant increase in lateral ventricular
volume in patients with delusional disorder compared with both
the healthy controls and the patients with schizophrenia.

On the same grounds, it would be of interest to know whether
delusional disorder is associated with brain functional changes.
However, no functional imaging studies of the disorder using
the kind of paradigms typically employed in schizophrenia — i.e.
regional blood flow/metabolism at rest, functional magnetic
resonance imaging (fMRI) during cognitive activation paradigms
and recently functional connectivity analysis — have as yet been
carried out. Some studies have investigated functional imaging

*Joint last authors.

correlates of delusions, but these have been carried out in patients
with schizophrenia® or high-risk individuals’ and have been
directed to test specific theoretical proposals, particularly Kapur’s
aberrant salience hypothesis.®

In this study, we report a combined structural and functional
imaging study in a sample of well-diagnosed patients with
delusional disorder. The principal aim was to establish whether
and to what extent the disorder is associated with structural and
functional imaging changes. We used voxel-based morphometry
(VBM) to examine for presence of structural brain changes.
Functional imaging (fMRI) was carried out during performance
of a cognitive task, the n-back task, which has been extensively
employed in schizophrenia and in several other psychiatric
disorders. We also performed a resting-state functional connectivity
analysis.

Method

Participants

The patient sample consisted of 22 individuals meeting DSM-IV®
criteria for delusional disorder. They were recruited via requests to
clinicians working in hospitals, out-patient facilities and private
practices in Barcelona and surrounding areas. Three patients were
also recruited from an ongoing first-episode psychosis study in
Barcelona; these were re-interviewed 2.5-4.5 years after illness
onset and it was confirmed that none of them had undergone
subsequent diagnostic shift. Clinical details on the patients are
given in Table DS1 (online data supplement).

Diagnoses were established by means of a detailed clinical
evaluation carried out by two of the authors (V.V. and P.J.M.).
A structured psychiatric interview using the lifetime version of
the Present State Examination (PSE), 9th edition,'® could be
additionally performed in 19 of the patients (the remaining 3
either declined further examination after the initial interview or
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became unavailable). We also reviewed the patients’ case records
and spoke to clinicians who had been involved in their care.
Patients were excluded if they were younger than 18 or older than
65, had past or present neurological disease/brain trauma, or had a
history of alcohol/substance misuse prior to the onset of the
delusional symptoms. In accordance with DSM-IV we included
patients who had experienced depressive symptoms, as long as
periods of these were short in comparison to the duration of
the delusions (duration of depression is not operationally defined
in DSM-IV, but all patients with more than minor depressive
symptoms in our sample had experienced one or more periods
of depression lasting weeks to months against a background of
delusions that had been continually present for between 4 and
26 years; see Table DS1). We additionally required that patients
did not meet criteria for major depression at the time of the study.
Patients who had a history of mania were excluded.

Two of the patients were related to each other, but a diagnosis
of shared psychotic disorder was excluded as the delusions had
been present in both of them intermittently for several years,
including while they lived separately, and the beliefs persisted
when they were admitted to different hospitals.

The patients were all right-handed. Twenty were receiving
treatment with antipsychotic drugs at the time of evaluation and
scanning (atypical: n=16, typical: n=4), although adherence
was doubtful in some. Six patients were also taking anti-
depressants. Two patients had never received treatment. All the
patients were actively delusional at the time of evaluation.

The controls consisted of healthy adults individually matched
2:1 to the patients by age, gender and estimated premorbid IQ.
They were recruited from non-medical staff working in the
hospital, their relatives and acquaintances, plus independent
sources in the community. They were questioned following a
structured format and were excluded if they reported a history
of mental illness, history of major mental illness in a first-degree
relative and/or treatment with psychotropic medication apart
from non-habitual use of anxiolytics/hypnotics. They were all
right-handed.

Premorbid IQ was estimated using an IQ-validated version of
the Word Accentuation Test (Test de Acentuacion de Palabras,
TAP);"' this requires pronunciation of low-frequency Spanish
words whose accents have been removed. The patients were also
required to have a current IQ in the normal range (i.e.>70), as
measured using four subtests of the Wechsler Adult Intelligence
Scale III (WAIS-III)*? (vocabulary, similarities, block design and
matrix reasoning).

Written informed consent was obtained from all participants.
The study was approved by the local research ethics committee.

Data acquisition

All participants were scanned in the same 1.5-T GE Signa scanner
(General Electric Medical Systems, Milwaukee, Wisconsin, USA)
at Sant Joan de Déu Hospital in Barcelona, Spain. During the scan
the following sequences were obtained: (a) structural T; MRI; (b)
fMRI during performance of the n-back task; and (c) resting-state
fMRI.

Structural imaging

High-resolution structural T; MRI data were obtained with the
following parameters: number of axial slices 180; slice thickness
I mm, slice gap 0 mm, matrix size 512 x 512; voxel resolution
0.5x0.5x 1 mm’; echo time (TE) 4ms, repetition time (TR)
2000 ms, flip angle 15°. Raw intracranial and global grey matter
volumes were estimated with FMRIB Software Library (FSL)

SIENAX,' which removes the non-brain matter and segments
into grey matter and other tissues. VBM analyses were also
conducted with FSL, with the exception of the normalisation
step (see below) which was conducted with the ‘advanced
normalisation tools’ (ANTS)"* due to their increased accuracy.’
VBM pre-processing included the following steps: (a) removal
of non-brain matter; (b) segmentation into grey matter and other
tissues; (c) affine registration of the native-space grey matter
images to a Montreal Neurological Institute (MNI) template
(voxel size: 1.5x 1.5x 1.5mm?); (d) creation of a template by
averaging the affine-registered grey matter images; (e) non-linear
registration of the native-space grey matter images to the template
with the high-resolution symmetric normalisation (SyN) algorithm
included in ANTS; (f) creation of another template; (g) three extra
iterations of the steps (e) and (f); (h) non-linear registration of the
native-space grey matter images to the last template; (i) modulation
(based on the non-linear normalisation but not on the previous
affine registration), and (j) o =3 mm (equivalent to full width at
half maximum (FWHM) 8 mm) Gaussian-smoothing (i.e. the
kernel size recommended in VBM for its increased sensitivity'®).

Differences between patients and controls were tested with
threshold-free cluster enhancement (TFCE) statistics,'” thresholding
the results at P<0.01 family-wise error (FWE)-corrected for multiple
comparisons, and findings were broken up using the seed-based
d mapping ‘imgcalc’ tool (www.sdmproject.com/sdmtools/
imgcalc/).'® TFCE replaces the t-value of each voxel by a value that
also includes the amount of cluster-like local spatial support, thus
making the statistical procedure a compromise between voxel- and
cluster-based statistics. We compared images using both
unmodulated and modulated VBM, since the former has been
argued to have greater statistical power for detecting changes at
the so-called mesoscopic level, i.e. between macroscopic and
microscopic.'®

Cognitive task fMRI

Participants performed a sequential-letter version of the n-back
task'? in the scanner. Two levels of memory load (1-back and
2-back) were presented in a blocked design manner. The task
included eight 48s blocks (four 1-back and four 2-back blocks
presented in an interleaved way), plus eight 16 baseline stimuli
presented between the blocks, thus having a total length of
8.5min (8 x48s+8x16s=512s). During the blocks, a single
letter was projected in a screen (viewable by the participant
through a mirror inside the scanner) every 2s (1s on, ls off),
making a total of 24 letters per block. Five of these 24 letters were
repetitions located at random; the participants had to respond
to these by pressing a button. Characters were shown in green
in 1-back blocks and in red in the 2-back blocks. The baseline

7/’/77@

Fig. 1 Schematic of the n-back task.
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stimulus was an asterisk flashing presented with the same
frequency as the letters. The task is indicated schematically in
Fig. 1.

All participants first went through a training session outside
the scanner. Participants’ performance was measured using the
signal detection theory index of sensitivity, d’,?° which separately
analyses true and false positives. Participants with negative d’
values in either of or both of the 1-back and 2-back versions of
the task, which suggests that they were not performing it, were
excluded from this analysis.

During the task, a gradient-echo echo-planar (EPI) sequence
depicting the blood oxygenation level-dependent (BOLD)
contrast was acquired with the following parameters: number of
volumes 266 (although the first 10 were discarded to avoid T,
saturation effects), number of axial slices 16, slice thickness
7mm, slice gap 0.7 mm, matrix size 64 x 64, voxel resolution
3.1 x3.1 x7.7mm?>, TE 20ms, TR 2000 ms, flip angle 70°.

Pre-processing with FSL-FEAT included: (a) motion correction;
(b) removal of non-brain matter; (¢) c=2mm (equivalent to
FWHM 5mm) Gaussian-smoothing (i.e. the default kernel size
in FSL-FEAT); (d) grand-mean intensity normalisation of the
entire 4D; (e) high-pass temporal filtering; (f) time-series statistical
analysis with local autocorrelation correction; and (g) registration
to a 2x2x2mm’ MNI template. To minimise unwanted
movement-related effects, scans with an estimated maximum
absolute movement >3.0 mm or an average absolute movement
>0.3mm were excluded from this analysis. The effects of
stimulus-correlated motion were controlled by including the
motion parameters in the model.

Differences in fMRI activation maps between patients and
controls were analysed with FSL-FLAME stage 1 with default
height threshold (z>2.3).>' Again, the statistical maps were
cluster-thresholded to P<0.01 FWE-corrected for multiple
comparisons and findings were broken down using SDM ‘imgcalc’
tool.

Resting-state connectivity

A resting-state fMRI sequence lasting 8 min 50 s was acquired with
the same parameters used for the cognitive task. The computer
screen was switched off and the individuals were instructed to
lie quietly in the scanner with their eyes open to minimise the risk
of falling asleep during the acquisition.

Prior to performing the connectivity analysis, several pre-
processing steps were carried out, mainly using functions of the
FSL package: (a) removal of non-brain matter; (b) motion
correction; (c) regression by independent components with clear
edge effects extracted by individual independent component

Brain abnormalities in delusional disorder

analysis (melodic function) to minimise residual movement
effects; (d) registration to a 2x2x2mm’> MNI template; (e)
o=3mm Gaussian-smoothing (i.e. the kernel size used in
previous analyses); and (f) regression by time-series from regions
of interest (ROIs) located in cerebrospinal fluid and white matter
to regress out global spurious trends. Once again scans with
maximum movement of >3.0mm or mean movement
> 0.3 mm were excluded from this analysis.

The analysis of resting-state connectivity was based on an
overall measure of connectivity similar to those proposed by
Buckner et al*? and Cole et al.*® Specifically, for each individual
we calculated the average correlation between a voxel and each
of the remaining voxels in the grey matter, leading to a brain
map of average correlations. To reduce the computational burden,
images were resampled to a voxel size of 4 x 4 x 4 mm’. Temporal
filtering (Butterworth filter) on low frequencies (0.02-0.1 Hz) was
applied as well, as most relevant patterns of resting-state
connectivity have been previously described in this low-frequency
range.

Differences between connectivity maps of patients and
controls were tested for using TFCE statistics,'” thresholding the
results at P<0.01 FWE-corrected for multiple comparisons, and
a breakdown of the findings was made using the SDM ‘imgcalc’
tool again. The average amount of movement was included as a
covariate to minimise any possible residual effect of movement
not eliminated in the pre-processing steps.

Results

Demographic and clinical findings for the patients and controls
are shown in Table 1. The two groups were well-matched for
age, gender and estimated premorbid IQ (clinical information
on the patients is in Table DS1).

Structural imaging

All patients and controls were included in this analysis. The
patients had marginally lower mean intracranial and overall grey
matter volumes, but the differences did not reach statistical
significance (intracranial volume: 1076590 v. 1084373 mm°,
reduction 0.7%, t=0.27, P=0.8; grey matter volume: 560063 v.
568 926 mm°, reduction 1.6%, t=0.68, P=0.5).

Analysis of unmodulated images revealed reductions of
cortical grey matter in the medial frontal/anterior cingulate cortex
and bilateral insula/middle temporal gyrus; there were also
reductions in sparsely distributed small clusters (Table 2 and
Fig. 2(a)).

Table 1 Demographic and clinical characteristics of the samples

Delusional disorder (n=22) Healthy controls (n = 44) Comparison P

Gender, male/female 10/12 20/24 =0 1.00
Age, years, mean (s.d.) 45.1 (11.3) 452 (12.2) t=0.03 0.98
Estimated premorbid 1Q; mean (s.d.)? 96.6 (11.0) 99.6 (10.5) t=1.07 0.29
Age at onset, years; mean (s.d.)® 36.7 (10.9)
Duration of illness, years; mean (s.d.) 8.4 (6.4)
Type of belief

Persecutory 17

Erotomanic 1

Hypochondriacal 1

Mixed 3
a. Information not available for one patient.
b. Information not available for four patients.
Further clinical details on the patients are in online Table DS1.
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Table 2 Tabular description of the brain imaging findings?
Peak MNI

Voxel-based morphometry (decreased volume)
Medial frontal/anterior cingulate cortex
and bilateral insula/middle temporal
gyrus (BA 11 and 21 respectively)

60, —12, =12

—24,30, =20

—24, 54,0

—54, —4, 48
30, 38, —10
—48, 72, 26
54,8, —36
54, —56, 38
—60, —54, 12

—54, 26, 22
24, 60, —10

Size (voxels)

3596

2965

115

113
102
94
86
81
72

53
52

<0.001

0.001

0.005

0.007

0.003

0.007

0.004

0.006

0.007

0.004
0.006

Cluster breakdown

Right middle frontal gyrus (946)
Right inferior frontal gyrus (590)
Right superior temporal gyrus (524)
Right insula (485)

Right rolandic operculum (354)
Right precentral gyrus (177)

Right Heschl gyrus (147)

Right supramarginal gyrus (145)
Right dorsolateral frontal cortex (80)
Right postcentral gyrus (18)

Right angular gyrus (19)

Left inferior frontal gyrus (439)

Left insula (423)

Right medial/orbital frontal cortex (306)
Left superior temporal gyrus (283)
Left rolandic operculum (265)

Left anterior cingulate gyrus (210)
Left medial/orbital frontal cortex (182)
Right anterior cingulate gyrus (151)
Left middle frontal gyrus (117)

Right gyrus rectus (100)

Left Heschl gyrus (66)

Left postcentral gyrus (59)

Left precentral gyrus (54)

Left gyrus rectus (48)

Left supramarginal gyrus (39)

Left middle temporal gyrus (48)

Left medial/orbital frontal cortex (37)
Left middle frontal gyrus (27)

Left dorsolateral frontal cortex (20)
Left postcentral gyrus (98)

Left precentral gyrus (14)

Right inferior frontal gyrus (52)
Right middle frontal gyrus (48)

Left middle occipital gyrus (73)

Left angular gyrus (12)

Right inferior temporal gyrus (45)
Right middle temporal gyrus (27)
Left angular gyrus (38)

Left inferior parietal gyri (35)

Left middle temporal gyrus (67)

Left inferior frontal gyrus (51)

Right middle frontal gyrus (30)

Right medial/orbital frontal cortex (21)

2-back task (failures of deactivation)
Medial frontal/anterior cingulate cortex
(BA 11)

4,24, -8

1332

0.001

Medial/orbital frontal cortex (356)
Anterior cingulate gyrus (242)
Olfactory cortex (78)

Gyrus rectus (30)

Resting-state (decreased connectivity)
Bilateral insula (BA 48) 38, —10, 0

—38, =16, —4

MNI, Montreal Neurological Institute.

301

223

0.005

0.008

Right insula (110)

Right putamen (56)

Right rolandic operculum (14)
Left insula (78)

Left rolandic operculum (37)
Left supramarginal gyrus (26)
Left Heschl gyrus (23)

156

a. Clusters with <50 voxels, regions with <10 voxels and white matter regions are not shown for simplicity.

Analysis of modulated images did not vyield significant
differences between patients and controls. As noted in the
Method, this could be a consequence of the fact that non-linear
registration is able to capture gross, macroscopic variability such
as brain shape abnormalities, but not more subtle mesoscopic
differences such as cortical thinning. To test this hypothesis we
applied surface-based morphometry of the structural data to ROIs

where there were unmodulated differences between the patients
and the controls. This was done using the FreeSurfer software
package  (http://surfernmr.mgh.harvard.edu), which yields
measures of thickness, area, mean curvature and volume in the
chosen ROIs. The temporal VBM clusters were approximated by
averaging the middle temporal, superior temporal and supra-
marginal ROIs, and the mediofrontal VBM cluster by averaging
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Fig. 2 Structural and functional imaging differences between the patients with delusional disorder and the controls. (a) Clusters of
significant grey matter volume decrease in the anterior cingulate/medial frontal cortex and bilateral insula. (b) Cluster of significantly
reduced de-activation in the 2-back v. baseline version contrast in the anterior cingulate/medial frontal cortex. (c) Clusters of significant
decrease in resting-state connectivity in the bilateral insula.

the medial orbitofrontal, rostral anterior cingulate and superior
frontal ROIs. The reduction of cortical thickness was found to
be significant in most comparisons (right temporal reduction
3.9%, P=0.002; left temporal reduction 4.3%, P<0.001; right
mediofrontal reduction 3.5%, P=0.03) but not in the left medio-
frontal cluster (reduction 1.4%, P=0.4). No changes were
observed in the other cortical measures with the exception of
increased mean curvature in the right temporal cluster (increase
3.0%, P=0.01).

Both the unmodulated and modulated VBM findings were
unchanged when the analysis was repeated excluding one of the
two related patients.

Cognitive task fMRI

Four patients and six controls had to be excluded from this
analysis due to excessive head movement. The remaining 18
patients and 38 controls continued to be matched for age (47.2
(s.d.=11.6) v. 455 (s.d.=12.0), t=0.50, P=0.62), gender
(44.4% v. 47.4% males, x2:0.00, P=1.00) and premorbid IQ
(95.8 (s.d.=11.3) v. 99.3 (s.d.=11.2); t=1.08, P=0.29). No
significant differences between the patients and controls were
detected in stimulus-correlated motion (P=0.12), which was
small or null in both groups. The patients performed significantly
more poorly than the controls in both the 1-back (d’'=3.40
(5.d.=0.97) v. 4.30 (s.d.=0.84), t=3.28, P=0.003) and the 2-back
(d'=2.26(s.d.=1.07) v. 2.99 (s.d.=1.09), t=2.35, P=0.02) versions
of the task.

The 1-back v. baseline contrast did not reveal any significant
differences in activation or deactivation between the two groups.
However, in the 2-back v. baseline contrast, the patients showed
a cluster of significant failure of deactivation in the medial frontal/
anterior cingulate cortex (Table 2 and Fig. 2(b)). Extraction of mean
cluster values confirmed that this was a region of deactivation in
both groups; the mean BOLD response was —23.6 (s.d.=19.3) in
the controls and —7.2 (s.d.=15.4) in the patients.

There was no correlation between the degree of medial frontal
deactivation and performance (d’), either in the combined sample
of patients and controls (r= —0.08, P=0.56) or when each group
was considered separately (controls: r=0.03, P=0.87; patients:
r=0.09, P=0.71).

Repeating the analyses after excluding one of the related
patients or adding performance as a covariate resulted in no
change to the findings.

Resting-state connectivity

Four patients and four controls had to be excluded from this
analysis because of technical issues during acquisition, mainly
head movement. The remaining 18 patients and 40 controls
continued to be matched for age (46.5 (s.d.=11.3) v. 45.3
(s.d.=12.2); t=0.37, P=0.71), gender (44% v. 50% male,
x>=0.016, P=0.91) and premorbid IQ (96.1 (s.d.=11.2) v. 99.5
(s.d.=10.9), t=1.08, P=0.28).

Compared with the controls, the patients with delusional
disorder showed a significant decrease in resting-state connectivity
in the bilateral insula (Table 1 and Fig. 2(c)). Repeating the
analyses after excluding one of the related patients did not affect
the findings.

Discussion

This study found that patients with delusional disorder showed
a pattern of structural and functional brain changes affecting
the medial frontal/anterior cingulate cortex and the insula.
Specifically, the patients showed reduced medial frontal/anterior
cingulate grey matter volume reduction on unmodulated VBM
and failure of de-activation in an overlapping area during working
memory task performance. Additional volume reductions were
found in the bilateral insula, and these were accompanied by lower
resting-state functional connectivity in a similar region.

Structural changes in delusional disorder appear to share
features with, but to be less widespread than, those seen in
schizophrenia, the disorder with which it appears to have the
strongest links in terms of shared clinical features and outcome.
Thus, the medial frontal/anterior cingulate cortex and the insula
are among the most consistently identified regions of cortical
grey matter reduction in meta-analyses of MRI studies of
schizophrenia.24 In contrast, other notable regions of cortical
volume reduction in schizophrenia, such as the dorsal and ventral
lateral prefrontal cortex, were not seen in the patients with
delusion disorder.

It should be noted that structural changes were only observed
in our study when unmodulated VBM was used. This may
reflect emerging evidence that subtle cortical volume changes —
specifically those that are ‘mesoscopic) i.e. between the macro-
scopic and microscopic level — are better detected by unmodulated
VBM (e.g. see Radua et al'®). This is a consequence of the fact that
some changes are well-represented in the unmodulated images
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whereas some are not well-captured by the non-linear registration,
and so modulation only introduces macroscopic noise, ultimately
reducing the statistical power. Such an interpretation was
supported by further analysis of the regions of volume reduction
identified by unmodulated VBM using surface-based morphometry;
this found evidence of reduced cortical thickness, but not cortical
area or volume reductions.

With respect to brain functional changes, cognitive task-
related fMRI did not reveal statistically significant reduced
activation in the dorsolateral prefrontal cortex or other regions
of the prefrontal cortex in the patients. This is in contrast to
schizophrenia, where the finding of task-related hypofrontality,
although a somewhat inconsistent finding across individual
studies, is supported by meta-analyses.”>?® On the other hand,
we did find failure of de-activation in the medial frontal cortex,
something that is now a well-replicated finding in schizophrenia®’
(see also Whitfield-Gabrieli et al*® and Salgado—Pinedazg). Once
again, therefore, delusional disorder appears to share some but
seemingly not all of the functional imaging characteristics of
schizophrenia.

Our finding of decreased resting-state functional connectivity
in the bilateral insula, on the other hand, has less clear parallels
with schizophrenia. Connectivity findings in this latter disorder
are complex, with both increases and decreases having been
documented, although the balance is in favour of decreased
connectivity.”® The subset of studies examining resting-state
connectivity in schizophrenia have tended to implicate the medial
frontal cortex as a major site of alteration,”®*"** and changes in
the insula have been reported, although less frequently.>***

In part, the heterogeneity of connectivity results in schizo-
phrenia may be due to the intrinsic complexity of connectivity
analyses. Compared with VBM or task-related fMRI where
comparisons are essentially made for each voxel, connectivity
analyses usually involve the relation between different sets of
regions, and so the results will be highly dependent on the
connections explored. Our approach based on maps of mean
correlations, though, has a very wide scope and does not focus
on specific connections or region sets. Voxels that emerge as
significant in this analysis are simply those with mean correlation
levels differing between the two groups and the analysis is not
informative on the specific connections altered.

The question arises of whether our findings have implications
for the pathogenesis of delusions. One currently influential
theoretical approach to delusions is of dysfunction in a
dopamine-mediated reward system.® Regions that are important
for reward processing include a subcortical structure, the ventral
striatum, but also the medial frontal cortex which, together with
the orbitofrontal cortex, is considered to be the principal cortical
area where computation of the predictive value of rewards takes
place (e.g. Haber & Knutson®).

From another perspective, the medial frontal cortex is one of
the major components of the so-called default mode network, a
series of interconnected brain regions which are active at rest
but de-activate during performance of a wide range of cognitive
tasks.>® According to Buckner et al*® there are two broad views
of default mode network function. One is that it carries out a
range of internally directed cognitive operations such as auto-
biographical recall, envisaging the future and theory of mind.
The other is that it underlies a state of ‘watchfulness) a passive,
low-level monitoring of the external environment for unexpected
events in conditions where active attention is relaxed. Both of
these proposals have potential explanatory power for delusions,
with the latter being particularly relevant to referential delusions.
It is interesting to note in this context that Menon et al®’ recently
found evidence for brain functional abnormality in the medial

frontal cortex, insula and ventral striatum in a study which
compared patients with schizophrenia with prominent referential
delusions and controls during performance of a task designed to
elicit abnormal self-reference.

Much less is known about the function of the insula, a cortical
region folded deep within the sulcus separating the temporal lobe
from the frontoparietal lobes, which has extensive connections to
many cortical and limbic areas, and appears to integrate cognitive,
affective, sensory and autonomic information.”® Palaniyappan et
al*® have argued on various grounds for a role for the insula in
auditory hallucinations,” which commonly co-occur with
delusions as part of the ‘reality distortion’ syndrome, and also for
involvement in a specific form of delusions, passivity symptoms.
However, the evidence they cite in support of this proposal has
to be regarded as preliminary.

This study has some limitations. The sample size was relatively
small, and so the possibility of both false positive and false
negative findings cannot be discounted. Also, of necessity patients
with different subtypes of delusional disorder were grouped
together, and these might not be homogeneous in terms of
underlying aetiology. Additionally, we did not explore the
historical comorbidity with major depression seen in some of
the patients, and other comorbidities were not investigated.
Beyond this, we examined brain function using cognitive task
activation, which might not be ideally suited to demonstrating
hypoactivations in patients with delusional disorder, who are
often presumed to be more cognitively intact than patients with
schizophrenia (although the patients in our study showed
impaired performance on the n-back task). It should also be
noted that functional connectivity results are known to be affected
by the type of motion correction used.*' We applied a strategy
involving several different steps, but alternative approaches, such
as the ‘scrubbing’ method recently proposed by Power et al*
might have given different results. Finally, it should be noted that
most of the patients had taken and/or were taking antipsychotic
drugs, which may itself have the capacity to produce changes in
brain structure.
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Structural and functional brain changes in delusional disorder

By: Vicens V, Radua J, Salvador R, Anguera-Camoés M,

Canales-Rodriguez EJ, Sarr6 S, Maristany T, PJ McKenna, Pomarol-Clotet E

Table DS1 Demographic and clinical features of the patients with delusional disorder

Age Sex Duration Type Referential Depressive Other
(years) (M/F) ofillness of belief delusions  symptoms symptoms

55 F 10 years Persecutory Yes No Morbid jealousy

54 F 9 years Persecutory Yes Yes' -

38 M 2 years Persecutory No No -

32 M 7 years Persecutory No No -

41 F 7 years Erotomanic Yes Yes Anxiety with autonomic

accompaniments

36 M 18 years Persecutory Yes No -

36 F 4 months Hypochondriacal No No Taste in mouth and bodily

(infestation) sensations related to belief
about illness / infection

52 F 17 years Persecutory Yes Minor only -

58 M 9 years Persecutory Yes Yes -

52 F 10 years Persecutory / Yes No Morbid jealousy

jealous

51 F 5 years Persecutory / Yes Yes' Delusion of presence,

erotomanic hypnopompic hallucinations

47 M 3 months Persecutory Yes Minor only Heard brief phrases on two or

three occasions

32 M 4 years Persecutory No Minor only Felt mental and physical

symptoms of ‘poisoning’

32 M 4 years Persecutory Yes Yes -

35 M 17 years Persecutory Yes Minor only -

56 M 2 years Persecutory Yes No Felt as if he was the lead

character in a film. Thought
people on street could
somehow read his thoughts

28 F 5 years Persecutory Yes Minor only  Heard people talking outside
her block of flats, could make

out words like her name
'whore', and ‘I'm going to kill
you’

28 F 5 years Persecutory Yes Minor only Lability of mood,

ritualistic behaviour

55 M 6 years Persecutory Yes No -

57 F 9 years Persecutory Yes No On two occasions heard
neighbours three floors above
saying things like ‘you should

be in charge of her’; for a
period thought she smelt and
people were avoiding her

54 F 12 years Persecutory Yes Yes -

63 F 26 years Jealous / Yes Yes® -

persecutory

"Met criteria for major depression at some point based on lifetime structured psychiatric interview.
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Patients with schizophrenia are known to have increased
prevalence of abnormalities in midline brain structures,
such as a failure of the septum pellucidum to fuse (cavum
septum pellucidum) and the absence of the adhesio inter-
thalamica. This is the first study to investigate the preva-
lence of these abnormalities across a large multidiagnostic
sample. Presence of cavum septum pellucidum and absence
of the adhesio interthalamica was assessed in 639 patients
with chronic schizophrenia, delusional disorder, schizoaf-
fective disorder, bipolar disorder, major depressive disorder,
or a first episode of psychosis, mania or unipolar depression.
This was compared with 223 healthy controls using logis-
tic-regression-derived odds ratios (OR). Patients with psy-
chotic or mood disorders showed an increased prevalence of
both abnormalities (OR of cavum septum pellucidum = 2.1,
OR of absence of the adhesio interthalamica = 2.6, OR of
both cavum septum pellucidum and absence of the adhesio
interthalamica = 3.8, all P < .001). This increased preva-
lence was separately observed in nearly all disorders as well
as after controlling for potential confounding factors. This
study supports a general increased prevalence of midline
brain abnormalities across mood and psychotic disorders.
This nonspecificity may suggest that these disorders share
a common neurodevelopmental etiology.

Key words: structural abnormalities/midline
brain/cavum septum pellucidum/absent adhesio
interthalamica/psychotic disorders/mood disorders

Introduction

A large body of literature has emphasized the role of
aberrant neurodevelopmental processes in the patho-
physiology of psychosis.! Only few of these studies have
specifically examined the prevalence of abnormalities in

midline brain structures such as the septum pellucidum
and the adhesio interthalamica. The septum pellucidum
is a component of the limbic system that forms the medial
walls of the lateral ventricles and consists of 2 layers
or laminae of both gray and white matter. During fetal
development there is a space between the 2 laminae which
is normally fused in an anterior to posterior fashion by
the age of 3-6 months.> When these laminae fail to fuse,
they form a cavity known as cavum septum pellucidum
(CSP?) or “fifth ventricle’ (figure 1 top). The incidence of
CSP among healthy individuals varies considerably and
some authors argue that a very small CSP (1-1.4mm) is
common with an incidence of 60%—-80% and is therefore
considered as part of the normal anatomy of the brain.*
The adhesio interthalamica, or massa intermedia, is a flat-
tened gray matter band, thought to connect both thalami
across the third ventricle, which generally fuses by the
13th week of gestation® (figure 1 bottom). Postmortem
studies have shown that the adhesio interthalamica is
absent in 15%-25% of humans,® suggesting the possibil-
ity of developmental problems during early gestation.
Consistent with the neurodevelopmental paradigm of
psychosis, the presence of CSP and absent adhesio inter-
thalamica (AAI) in schizophrenia has been related to
abnormalities in the corpus callosum and limbic struc-
tures, such as the thalamus and the hippocampus, during
fetal development, a time when risk factors for schizo-
phrenia reportedly have their effect on the disorder.’
However, prevalence of CSP in psychosis is still contro-
versial with some reports suggesting a higher® and oth-
ers providing a similar prevalence rate when compared
with the normal population.!®!! A meta-analysis of CSP
in schizophrenia spectrum disorders reported a higher
prevalence of CSP of any size in 6 out of 15 included
studies with 5 out of 15 showing greater occurrence of

© The Author 2015. Published by Oxford University Press on behalf of the Maryland Psychiatric Research Center.
All rights reserved. For permissions, please email: journals.permissions@oup.com
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Fig. 1. Real examples of cavum septum pellucidum (CSP) and absence of adhesio interthalamica (AAI) in coronal magnetic resonance

slices.

large CSP."? Broader consensus prevails in the literature
regarding the prevalence of AAI in psychosis. A meta-
analysis found a higher prevalence of AAI in patients
with schizophrenia spectrum disorders in relation to
healthy controls in 9 out of 11 included studies.'* Further
studies have examined longitudinally these midline brain
abnormalities in patients with a first episode of psychosis
progressing to chronic schizophrenia, detecting that the
length of the AAI, but not the CSP, can change during
the course of the illness.!*!* So far, no studies have sepa-
rately assessed the midline abnormalities in other schizo-
phrenia spectrum disorders such as schizoaffective and
delusional disorders.

Less attention has been paid to the study of mood
disorders from a neurodevelopmental perspective.!® The
literature available on midline brain abnormalities in
these populations is scarce and the results are inconsis-
tent with some studies reporting increased prevalence of
CSP of any size in bipolar disorder and major depres-
sion'™8 while others found no evidence of CSP abnor-
malities.'*? To our knowledge, only 2 studies to date have
examined adhesio interthalamica abnormalities in mood
disorders, detecting shorter adhesio interthalamica in
bipolar patients and currently depressed major depres-
sion patients'®?° but not in remitted major depression
patients.?

Page 2 of 10

To clarify and widen the prior findings and to get a
more complex understanding of the nature of these mid-
line brain abnormalities in severe mental disorders, we
investigated the prevalence of CSP and AAI in a large
cross sectional multidiagnostic sample. Specifically, we
included 639 patients with schizophrenia, delusional dis-
order, schizoaffective disorder, bipolar disorder, major
depressive disorder, or a first episode of psychosis,
mania, or unipolar depression, along with a sample of
223 healthy controls.

Methods
Subjects

Data for this study have been previously analyzed in a
series of neuroimaging studies evaluating structural and
functional differences between patients with psychotic
or mood disorders and healthy controls (table 1).2% In
these studies all adult patients had been scanned using
the same resonance imaging (MRI) scanner and met
Diagnostic and Statistical Manual of Mental Disorders,
Fourth Edition (DSM-1V) criteria (or in case of schizoaf-
fective disorder additionally also Research Diagnostic
Criteria) for their corresponding disorders. Patients had
been recruited in hospitals and outpatient facilities in
Barcelona and surrounding areas. Adult healthy controls
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had been recruited from nonmedical staff working in the
hospital, their relatives and acquaintances, plus indepen-
dent sources in the community. Controls had been ques-
tioned and excluded if they reported a history of mental
illness and/or treatment with psychotropic medication.
After complete description of the study, written informed
consent had been obtained from all participants and the
studies had been approved by the local research ethics
committee.

The following information had been retrieved from
both patients and controls: age, sex, education level
(whether the participant had completed university stud-
ies or not), premorbid IQ, current IQ, and memory
and executive function scores. Premorbid 1Q had been
estimated using the ‘Test de Acentuacion de Palabras’
(Word Accentuation Test)*® which requires pronuncia-
tion of Spanish words whose accents have been removed.
Current 1Q was measured using 4 subtests of the
Wechsler Adult Intelligence Scale 111 (vocabulary, simi-
larities, block design, and matrix reasoning). Memory
had been assessed using the Spanish version of the third
edition of the Wechsler Memory Scale (WMS-III),* and
executive function had been tested using the Behavioural
Assessment of the Dysexecutive Syndrome (BADS),
which has also been adapted for the use in Spanish
populations.?®

The following information had been additionally
retrieved for patients: age of onset, duration of the dis-
ease, and whether the patient had been scanned during
the first episode or during the chronic phase of the disor-
der. No information could be retrieved regarding cumula-
tive lifetime medication.

MRI Data Acquisition and Assessment

All individuals had been scanned in the same 1.5 Tesla
GE Signa scanner (General Electric Medical Systems)
located at the Sant Joan de Déu Hospital in Barcelona.
A high-resolution structural T1 MRI sequence with the
following parameters had been used: number of axial
slices = 180; slice thickness = 1 mm, slice gap = Omm,
matrix size = 512 X 512; voxel resolution 0.5 X 0.5 X 1 mm?;
echo time (TE) = 4ms, repetition time (TR) = 2000 ms,
flip angle = 15°.

Structural images had the nonbrain matter removed
with the ‘brain extraction tool’ (BET), were affine-reg-
istered to a standard 1x1 X 1mm?*® MNI template, had
their intensity standardized to a 0-255 scale, and were
sliced for presentation in a zoomable and scrollable com-
puter screen. Scans from 49 (5.5%) of the initial 898 indi-
viduals included in the study had to be discarded because
motion artifacts prevented a correct evaluation of the
midline abnormalities, but valid subsequent longitudinal
scans could be retrieved for 13 of these individuals.

The anatomical slices were presented and assessed
in coronal plane. In the instances when the image was
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unclear it was also assessed in other planes and in native
space and further discussed with other researchers if
required, blind to the group condition. When assessing
CSP, all degrees of abnormality were labeled as abnor-
mal (even the mildest ones), but those abnormal CSPs
with an anteroposterior length > Smm were additionally
considered ‘large’. Presence of AAI and CSP was estab-
lished when it could be identified on at least 1 slice. The
same researcher (R.L.-R.) assessed all the images, blind
to any information of the individuals. Prior to this assess-
ment, 1 subsample of 50 cases had been analyzed by 2 of
the researchers (R.L.-R. and J.R.) and discrepancies dis-
cussed to reach consensus; this process was repeated with
2 further random subsamples of 100 individuals until
complete inter-rater reliability was achieved.

Statistical Analysis

Being a case-control study, associations between preva-
lence of midline abnormalities and disease were assessed
using odds ratios (OR) rather than relative risks or haz-
ard ratios. Note however that odds ratios may exagger-
ate the relative risk. Thus, for example, an OR = 3 may
mean that patients have more chances to show midline
abnormalities (or the other way round), but probably not
as much as 3 times more. OR for the prevalence of CSP
or AAI were estimated by means of logistic regressions,
and they were re-evaluated including potential confound-
ing factors as covariates in case of statistical significance.
These (age, sex, education, premorbid 1Q, 1Q, BADS,
and WMS) had been previously assessed in the sample
of healthy controls. Two clinical factors (age of onset and
duration of disease) were also assessed.

Given that this study investigated 2 brain abnormali-
ties in 8 disorders, only P values <.003 (ie, 0.05/16) were
considered statistically significant, with the exception of
the study of confounding factors where no Bonferroni
correction for multiple comparisons was applied in order
to maximize the detection of potential confounding
factors.

Results

Psychotic and mood disorders were moderate-to-strongly
associated with the prevalence of both CSP (of any size)
and AAIL: OR of CSP =2.1, OR of AAI =2.6,and OR of
both CSP and AAI = 3.8 (all P <.001). Investigation of
potential confounding factors in healthy controls showed
a strong relationship between age and AAI (OR = 3.1;
table 2) and a moderate relationship between premorbid
or current IQ and CSP (OR = 0.6). Given the strong cor-
relation between premorbid and current I1Q (P < .001),
only the former was considered. Inclusion of these poten-
tial confounding factors in the comparisons between
patients and controls did not substantially alter the
results. To note, there was no association between CSP
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and AAT (only controls: x> = 0.02, p = .90; only patients:
¥ =0.30, P =.58; all together: y> = 1.4, P = .23).

As shown in figure 2 and table 2, the higher prevalence
of CSP in patients than in controls could be separately
observed for all disorders (except the first episode of
mania), with similar results obtained after controlling for
premorbid I1Q. Specifically, the difference between patients
and controls was strong and statistically significant in
delusional disorder (OR = 4.3), moderate and statisti-
cally significant in first episode of psychosis, schizophre-
nia and bipolar disorder (OR = 1.9-2.8), and moderate
but not reaching statistical significance in the remaining,
smaller-sized samples (OR = 1.5-2.0). This higher prev-
alence could be separately observed in bipolar patients
with current Young Mania Rating Scale® (YMRS) >20
(n = 41; OR = 3.9 after controlling by premorbid 1Q, P
< .001), patients with current Hamilton Rating Scale for
Depression® (HRSD) 220 (n = 45, OR = 3.9, P < .001),
and patients with both YMRS < 20 and HRSD < 20
(n =179, OR = 2.3, P = .004); these differences between
the so-defined manic/depressed and euthymic patients
did not reach statistical significance (P = .026).

Since AAI OR and estimated prevalence substantially
changed after controlling for age, only findings using age
as covariate are summarized here (see table 2 for com-
plete results). Again, higher prevalence in patients than
in controls could be separately observed for all disorders
(OR = 2.0-4.2), though statistical significance was only
reached for first episode of psychosis or mania and for
schizophrenia (and almost reached for bipolar disorder).
Again, the higher prevalence could be separately observed
in bipolar patients with current Y-MRS > 20 (OR = 2.3;
after controlling for age, P = .024), patients with current

CSP:
FE / psychosis
n

FE/mania
FE / depression
]

Schizophrenia
]

Delusional disorder
]

Schizoaffective disorder
n

Bipolar disorder
n

Major depressive disorder
|

0.06 0.12 0.25 05 1 2 4 8 16
Odds ratio (p of CSP as pared to healthy

HRSD > 20 (OR = 2.0, P = .050), and patients with both
YMRS <20 and HRSD < 20 (OR = 1.8, P = .040).

The prevalence of AAI was the same in patients with
a chronic disorder than in patients with a first episode
(45% vs 45%, x> = 0, P = 1). This was striking given that
patients with a chronic disorder were substantially older
than patients with a first episode (42.1 vs 29.7 years,
t =12, P <.001) and that we had found a strong associa-
tion between age and prevalence of AAI both in controls
and in patients (>40 years OR = 3.1 and 2.6, both P <
.001). To further assess these apparently contradictory
results we fitted a multiple logistic regression of the pres-
ence of AAI as a function of having a disorder, of having
the first episode of the disorder, and of age, with the odds
ratios of the 3 variables being >1 and statistically signifi-
cant (P <.002).

No statistically significant differences in the prevalence
of midline abnormalities were observed between first epi-
sode of psychosis and first episode of mania, between
schizophrenia and bipolar disorder, or between psychotic
and mood disorders. There were neither statistically sig-
nificant differences between those patients with a first
episode of psychosis who subsequently developed schizo-
phrenia and those who did not.

We further examined the effects of age of onset and
duration of the disease for each specific disorder (table 3).
There were no statistically significant effects in the preva-
lence of CSP of any size and age of onset or duration
of disease in any of the diagnostic categories. Similarly,
we found no significant associations between AAI and
age of onset in any specific disorder although there was
a moderate but not reaching statistical significance effect
between older age of onset and AAI in first episode

AAl:
FE / psychosis
|

FE / mania
|

FE / depression
]

Schizophrenia
=

Delusional disorder
]

Schizoaffective disorder
L]

Bipolar disorder
n

Major depressive disorder
o

0.06 0.12 0.25 05 1 2 4 8 16
QOdds ratio (p of AAl as p:

to healthy

Fig. 2. Odds ratios of the prevalence of cavum septum pellucidum of any size and absent adhesio interthalamica in psychotic and mood
disorders. Left: cavum septum pellucidum (CSP; of any size) odds ratios corrected for premorbid IQ (TAP score, see Text). Right: absent
adhesio interthalamica (AAI) odds ratios corrected for age. FE: first episode.
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Table 3. Effects of the Age of Onset and Duration of the Disease for Each Specific Specific Disorders

Cavum Septum Pellucidum (of any size)

Absent Adhesio Interthalamica

Prevalence (%) OR (95% CI) P Prevalence  OR (95% CI) P
Age of onset (>25y)
All patients (covarying by diagnosis, n = 528) 49 vs 50 1.0 (0.7 — 1.4) n.s. 48 vs 38 1.4 (1.0 — 2.0) .020
First episode of psychosis (n = 75) 66 vs 53 1.7 (0.7 — 4.4) n.s. 50 vs 33 2.1(0.8-54) n.s.
First episode of mania (n = 25) 38 vs 22 2.1(04-17.3) ns. 56 vs 33 2.6(0.5-159) ns.
Schizophrenia (n = 186) 43 vs 50 0.7(0.4-1.4) n.s. 38 vs 40 0.9(0.5-1.9) n.s.
Schizoaffective disorder (n = 36) 43 vs 36 1.3(0.3-5.2) ns.  29vs45 0.5(0.1-1.9) n.s.
Bipolar disorder (n = 170) 48 vs 54 0.8(0.4—-1.5) n.s. 49 vs 36 1.7(0.9 - 3.2) n.s.
Major depressive disorder (n = 21) 43 vs 29 1.9(0.3-164) n.s. 57 vs 57 1.0 (0.1 — 6.4) n.s.
Duration of the disease (>15y)
All patients (covarying by diagnosis, n = 528) 49 vs 50 1.1 (0.7 - 1.6) n.s. 52vs 35 2.5(1.7-3.8) <.001
Schizophrenia (n = 186) 50 vs 46 1.2 (0.6 — 2.1) n.s. 48 vs 28 2.4 (1.3 —-4.)5) .008
Schizoaffective disorder (n = 36) 45 vs 31 1.8(0.5-17.5) n.s. 50 vs 25 3.0(0.8-13.8) ns.
Bipolar disorder (n = 170) 50 vs 52 0.9(0.5-1.7) n.s. 54 vs 32 2.5(1.4-439) .002
Major depressive disorder (n = 21) 27 vs 50 0.4 (0.1 -2.2) n.s. 73 vs 40 4.0 (0.7 — 28.6) n.s.

Note: For descriptive purposes, prevalence of midline brain abnormalities have been calculated after binarizing the age of onset/
duration of illness, but P values have been calculated using the original continuous variables to avoid a reduction in statistical power.
First episode of depression and delusional disorder are not shown because age of onset/duration of illness was available only in 11 and

4 patients.

psychosis (OR = 2.1) and first episode mania (OR = 2.6).
On the other hand, there was a moderate and significant
effect between the prevalence of AAI and a longer dura-
tion of the disease in schizophrenia and bipolar disorder.
The lack of statistical power due to small sample sizes
prevented these analyses in the first episode depression
and delusional disorder groups. Finally, age of onset and
duration of illness had no relationship with any midline
abnormality after controlling for age.

The low prevalence of large CSP (80 patients and 14
controls) prevented a robust assessment of group differ-
ences, but frequencies seemed also higher in the group of
patients (12.5% in patients vs 6.3% in controls, OR = 2.1,
P=.012).

Discussion

To our knowledge, this is the first study examining the
prevalence of CSP and AAI in a large cross sectional
multidiagnostic sample of patients with mood and psy-
chotic disorders using homogeneous MRI methods of
acquisition and assessment. In addition, reported results
also include first evidence of higher prevalence of these
midline brain abnormalities in patients with some specific
disorders such as schizoaffective or delusional disorder.
Our findings show that a diagnosis of psychotic or
mood disorder is associated with a higher prevalence of
CSP and AALI, even after controlling for potential con-
founding factors such as age or premorbid 1Q. Splitting
psychotic and mood disorders into discrete DSM-IV
diagnoses resulted in moderate to strong associations
with CSP in all conditions except in patients with a first

manic episode. There were also moderate to strong asso-
ciations between presence of AAI and any of the studied
disorders.

CSP results in psychotic disorders are in agreement
with previous studies finding increased prevalence in first
episode psychosis®! and schizophrenia* although several
other studies had found no significant differences.*!%"
In their recent meta-analysis, Trzesniak and colleagues'?
attributed these conflicting results to a significant variabil-
ity in methods, to small sample sizes and to publication
bias. They concluded that only a large CSP is associated
with psychosis while a small CSP could be considered a
normal neuroanatomical variation. Our results, however,
show a significantly increased prevalence of CSP of any
size in schizophrenia spectrum disorders. In agreement
with this meta-analysis,'* our results also suggest a greater
prevalence of AAI in schizophrenia spectrum disorders.

The increased prevalence of CSP in bipolar disorder
in our study is also supported by previous studies based
on large samples and adequate MRI methods.!”'® This is
in contrast with the observed relationship between preva-
lence of CSP (of any size) and major depression, which
conflicts with previous studies.'”** These studies, how-
ever, had used small sample sizes and broad diagnostic
categories (eg, mixing schizoaffective, bipolar and unipo-
lar affective disorders). Finally, as far as we know, only 1
study has previously examined the prevalence of AAI in
bipolar disorder,'® and another one in major depression,*
finding in both cases a shorter adhesio interthalamica
but reporting no significant differences in prevalence.
It can be argued that in unipolar depression the rather
late occurrence of unipolar depression together with its
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association with dementia may suggest that this disorder,
in contrast to the other ones, is not or less neurodevelop-
mental in origin. As we tested effects between increased
prevalence of midline brain abnormalities and later onset
of disease or disease severity without significant effects,
we add evidence favoring an underlying neurodevelop-
mental theory also in unipolar depression.

The present study is also the first to report increased
prevalence of midline brain abnormalities in pure samples
of schizoaffective disorder and delusional disorder patients.
Schizoaffective disorder was associated with a moder-
ately increased prevalence of CSP and AAI in relation to
healthy controls, and delusional disorder ranked among
those disorders with highest prevalence in CSP and AAI
In comparison to other psychoses, both schizoaffective and
delusional disorders have been scarcely investigated using
brain imaging techniques. However, recent VBM and func-
tional MRI studies have reported similar changes in brain
volume and activity in schizophrenia and schizoaftfective
disorder,?**3 supporting the idea that schizoaffective
disorder might resemble more schizophrenia than bipo-
lar disorder. The few structural imaging studies that have
investigated delusional disorder’” have also shown evi-
dence of convergent brain abnormality in the medial fron-
tal/anterior cingulate cortex and bilateral insula, which are
also regions abnormal in schizophrenia.* !

The findings of the present study are relevant to the discus-
sion on the neurodevelopmental versus neurodegenerative
course of psychiatric disorders. The neurodevelopmental
models attribute the pathology to alterations in the prena-
tal-to-early adolescent development while the neurodegen-
erative models identify progressive neurodegeneration as
the core attribute. Abnormal neurodevelopment is present
in many children and adolescents who eventually develop
psychosis.** Our findings underline this widely accepted con-
cept and provide strong evidence that this may be also true
in a wider array of diagnoses including mood, schizoaffec-
tive, and delusional disorders. Early insults to the brain have
been argued to produce dynamic alterations rather than
static ones in the brain ontogeny.!® Such dynamic processes
may explain our remarkable finding of first episode patients
presenting with a higher prevalence of AAI than patients
in chronic phases when controlling for age effects (ie, for a
given age, first episode patients have higher prevalence of
AALI than chronic patients). As a potential explanation for
such a result, one may speculate on an initial separation
of both thalami triggered by the first episode onset that
would subsequently stabilize or even revert (to some extent).
However, unless replicated, this may very well be considered
a spurious result, especially because the effects of age should
be taken with caution as they were not found in the meta-
analysis by Trzesniak and colleagues.'*

In order to resolve whether CSP and AAI abnormali-
ties remain stable over time or are influenced by neuro-
degeneration or neuroplasticity, future studies should use
a longitudinal follow-up of cases ‘at risk’ on the basis of

Page 8 of 10

the presence of these midline brain abnormalities, starting
in critical ages of the neurodevelopment such as in child-
hood and adolescence. To complete the diagnostic spec-
trum, further studies might also include other populations
with abnormal neurodevelopmental trajectories such as
autism spectrum disorders and attention deficit hyperac-
tivity disorder, and examine the relationship between these
midbrain abnormalities and other relevant neighbouring
regions such as the thalamic nuclei, the hippocampus and
the corpus callosum. Such approaches will need to take
into account that a progressive disease inherent compo-
nent may also play a role in the neuropathology of mental
disorders, at least in other brain regions such as the cortex
in schizophrenia but also in other diseases.

Strengths of the study are the inclusion of a large
cross sectional multidiagnostic sample (639 patients with
several mood and psychotic disorders and 223 healthy
controls), and the rigorous approach and definitions
adopted for assessing the abnormalities, now considered
the golden standard.” Several limitations must be also
highlighted. First, even though moderate to strong rela-
tionships could be separately observed for nearly all con-
ditions, some of them did not reach statistical significance
due to their relatively smaller sample size. Future stud-
ies with larger samples of patients with these disorders
may confirm our findings. Second, we decided to code
brain abnormalities as binary variables (i.e. presence vs.
absence), whereas other studies have adopted continuous
approaches such as measuring the length of the adhesio
interthalamica. Interestingly, these studies observed that
patients with psychosis spectrum disorders have shorter
adhesio interthalamica than controls.** Third, it must
be noted that the prevalence of AAI in our sample is at
the very high end of that reported in previous studies.*
This estimated higher prevalence may reflect a true higher
prevalence in our sample, but it could also be related to
differences in imaging procedures or to our criterion to
establish AAI even when it could be identified on only
1 slice. Forth, as stated earlier the relationship between
AALI and age found in this paper was not found in the
meta-analysis by Trzesniak and colleagues!* Further
studies may confirm or reject this specific relationship,
but in any case patients showed increased prevalence of
AAI independently of the inclusion of age as a covariate.
Fifth and as stated before, we could not assess the effects
of the lifetime intake of medication as this information
was not available. This has to be taken into account
because some authors have suggested that antipsychotic
medication eg, influences volumetric brain structure.*’
Indeed, antipsychotic medications have been related to
morphological alterations in hippocampus,* which could
influence measures of CSP,* and a negative correlation
between daily medication dosage and the length of the
adhesio interthalamica in chronic schizophrenia patients
has been actually reported.* Furthermore, the significant
effect between a higher prevalence of AAI in patients
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with schizophrenia and bipolar disorder with longer dis-
ease duration might be also meditated by the longer dura-
tion of the pharmacological treatment.

To sum up, this study supports a general increased
prevalence of structural midline brain abnormalities
across mood and psychotic disorders. This finding may be
relevant as this lack of specificity may suggest that these
disorders share a common neurodevelopmental etiology.
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Resum global dels resultats

El principal resultat d’aquesta tesi és la caracteritzacié del Trastorn Delirant en 'ambit
de les alteracions en I'estructura i funcié cerebral. Es tracta del primer cop que, per al
Trastorn Delirant, es realitza un estudi d’imatge cerebral equiparable als realitzats
habitualment en el camp de 'esquizofrénia o dels trastorns afectius, tant pel que fa als

meétodes com pel que fa a la mida de la mostra.

Els resultats fan pales que existeixen alteracions tant en I'estructura com en la
funcionalitat del cervell de les persones afectes pel Trastorn Delirant. Aquestes
alteracions posicionarien aquest trastorn a mig cami entre la normalitat i

I'esquizofrenia.

A continuaci6 analitzem els resultats en detall.
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Canvis regionals de substancia grisa

L'analisi d’imatges no modulades va revelar reduccions de la substancia grisa cortical a
I’escorga cingulada frontal / anterior medial i a la insula bilateral / girus temporal mig.
L'analisi d’imatges modulades, per la seva banda, no va detectar diferencies
estadisticament significatives entre pacients i controls. Aixo podria ser una
consequiencia del fet que el registre no lineal és capag de captar les variabilitats a
escala macroscopica, com les anomalies de la forma del cervell, perd no les diferéncies

mesoscopiques més subtils, com I'aprimament cortical.

Per testejar aquesta hipotesi vam dur a terme una analisi de surface-based
morphometry als ROls (regions of interest / regions d’interés) on hi havia diferéncies a
I'analisi no modulat entre els pacients i els controls, fent servir el software FreeSurfer
(http://surfer.nmr.mgh.harvard.edu). Aquesta analisi permet obtenir mesures de gruix,
area, curvatura mitjana i volum en els ROls escollits. Els clusters temporals de VBM es
van agrupar fent una mitjana dels ROIs temporals mitjans, temporals superiors i
supra-marginals, i el cluster mediofrontal es va agrupar fent la mitjana dels ROIs
orbitofrontal medial, cingulat anterior rostral i frontal superior. La reduccié del gruix
cortical va ser significativa en la majoria de les comparacions (reduccié temporal dreta
3,9%, P = 0,002; reduccié temporal esquerra 4,3%, P < 0.001; reduccié mediofrontal
dreta 3,5%, P = 0,03) pero no en el clister esquerre medial-frontal (reduccié 1,4%, P =
0,4). No es van observar canvis en les altres mesures corticals, a excepcié d’'un augment

de la curvatura mitjana al clister temporal dret (augment del 3,0%, P = 0,01).
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Alteracions de la linia mitja

Vam analitzar la preséncia d’alteracions a la linia mitja cerebral, i en concret la
presencia de Cavum Septum Pellicidum (CSP) i d’Abséncia d’Adhesid Intertalamica
(AAI) de 24 persones afectes de Trastorn Delirant, juntament amb persones afectes
d’esquizofrénia, trastorn esquizoafectiu, trastorn bipolar, trastorn depressiu major,
primer episodi de psicosi, mania i depressié unipolar (639 pacients en total), juntament

amb una mostra de 223 controls sans.

Es va observar una prevalenga més alta de CSP en pacients que en controls, per
separat, per a tots els trastorns analitzats excepte al primer episodi maniac. De forma
molt rellevant, la diferéncia entre pacients i controls va ser més forta i estadisticament
significativa en el Trastorn Delirant (OR = 4,3). També, es va trobar una associacio
moderada i estadisticament significativa en el primer episodi de psicosi, esquizofrénia i
trastorn bipolar (OR = 1,9-2,8) i moderada pero sense significacid estadistica en la resta

de mostres de mida més petita (OR = 1,5-2,0).

Quant a I'AAl, es va observar una elevada prevalenca en la majoria de trastorns, i un
cop més en el Trastorn Delirant (58% TD vs. 24% Controls, OR = 4.5 (1.9-11.0),
P=0.001), tot i que la relacid estadistica desapareixia al covariar per 'edat (49% vs.
24%, OR = 3.1 (1.2-8.1), P=0.018). Aquesta relacid si que era significativa a la mostra de
pacients amb esquizofrénia sense covariar per edat (43% vs. 24%, OR = 2.5 (1.6-3.7),

P<0.001) i covariant ( 38% vs. 24%, OR = 2.0 (1.3-3.1), P=0.002). La limitacié de la mida
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de la mostra del Trastorn Delirant i el nombre de comparacions realitzades (i la
pertinent correccid per multiples comparacions) van limitar la poténcia estadistica dels
resultats en aquest cas. La figura 1 resumeix les troballes de I'article publicat, tot

destacant les alteracions de la linia mitja al Trastorn Delirant.

CSP: AAl:
FE / psychosis FE / psychosis
o |
FE / mania FE / mania
L]
FE / depression FE / depression
o ]
Schizophrenia Schizophrenia
= =

Delusional disorder Delusional disorder
L ]

Schizoaffective disorder Schizoaffective disorder
n o
Bipolar disorder Bipolar disorder
o ]
Major depressive disorder Major depressive disorder
o o
0.06 0.12 0.25 0.5 1 2 4 8 16 0.06 0.12 0.25 05 1 2 4 8
Odds ratio (preval of CSP as comp: to healthy controls) Odds ratio (prevalence of AAl as compared to healthy controls)

Fig 1. OR de la prevalenca de cavum septum pellucidum (CSP) i d’abséncia d’adhesio
intertalamica (AAl) als trastorns psicotics i afectius. A 'esquerra, OR de CSP corregits per QI

premorbid (puntuacié TAP). A la dreta, OR d’AAl corregits per edat.
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Canvis en l'activacié cerebral durant una tasca cognitiva

Es van haver d’excloure, a causa del moviment excessiu del cap, 4 pacients i 6 controls

en aquesta analisi.

Pel que fa a la realitzacid de les proves de funcié cerebral, en primer lloc es va observar
gue els pacients tenien un rendiment significativament més baix que els controls tant a
la tasca 1-back (d '= 3,40 (sd = 0,97) vs,4,30 (sd = 0,84), t = 3,28, P = 0,003) com a la

tasca 2-back (d '=2.26 (sd = 1.07) vs.2.99 (sd = 1.09), t = 2.35, P = 0.02) .

La RMf no va revelar cap reduccid de 'activacid estadisticament significativa a I'escorca
prefrontal dorsolateral o en altres regions de I'escorca prefrontal en els pacients. Aixo
contrasta amb l'esquizofrenia, on la hipofrontalitat es troba forca documentada en

diferents estudis i meta-analisis.

A la tasca 1-back (vs. nivell basal), no van apareixer diferencies significatives a
I'activacio o desactivacié entre Trastorn Delirant i controls sans. En canvi, a la tasca
2-back (vs. nivell basal), els pacients van mostrar una zona de manca de desactivacié a

I'escorca cingulada frontal / anterior medial.

No vam trobar cap correlacié entre el grau de desactivacid frontal medial i el
rendiment (d '), ni en la mostra conjunta de pacients i controls (r = 0,08, P = 0,56) ni
quan es va considerar cada grup per separat (controls: r = 0,03, P = 0,87; pacients: r =

0,09, P = 0,71).
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Alteracions de la connectivitat cerebral en repos

Es van haver d’excloure d’aquesta analisi 4 pacients i 4 controls, per problemes técnics

durant I'adquisicid, principalment per moviment del cap.
Els 18 pacients restants i els 40 controls van continuar coincidint per edat (46,5 (sd =
11,3) vs.45,3 (sd = 12,2); t =0,37, P =0,71), sexe (44% v.50% home, X2 = 0,016, P =

0,91) i Ql premorbid (96,1 (sd =11,2) v.99,5 (sd = 10,9), t = 1,08, P = 0,28).

En comparacié amb els controls, els pacients amb Trastorn Delirant van mostrar una

disminucié significativa de la connectivitat en estat de repos a la insula bilateral.

Els resultats de les alteracions estructurals, funcionals i de la connectivitat en repods es

poden observar a la Figura 2, extreta de l'article.
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Fig 2. Aquesta figura il-lustra les principals diferéncies estructurals, funcionals i de connectivitat
cerebrals entre els pacients amb Trastorn Delirant i els controls.
(a) RM estructural: important disminucié del volum de substancia grisa a I'escorga frontal
cingulada / medial anterior i a I'insula bilateral.
(b) RM funcional: abséncia de desactivacié durant la realitzacié de la tasca 2-back vs. basal a
I’escorga frontal anterior cingulada / medial.
(c) Connectivitat: disminucié significativa de la connectivitat en estat de repos a la insula

bilateral.
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Neuropsicologia del Trastorn Delirant

En el context d’aquest estudi, es van dur a terme una série de proves
neuropsicologiques, que formen part de la bateria estandard de proves que es realitzen
als participants dels estudis de neuroimatge a la unitat de recerca on es van realitzar
(FIDMAG Sant Boi). Tot i que no formen part del nucli d’aquesta tesi, centrada en la
neuroimatge, creiem que és rellevant exposar-ne els resultats, ja que ens ajudaran a

posar en context les troballes i discutir-ne la rellevancia.

Les proves neuropsicologiques dutes a terme sén el quocient intel-lectual premorbid
(Ql premorbid), el quocient intel-lectual actual (Ql actual) i les proves de memoria i

funcid executiva.

- Ql premorbid: es va estimar mitjancant el ‘Test de Acentuacion de
Palabras’, que requereix la pronunciacio de paraules espanyoles els
accents de les quals s’han eliminat. Aquest test permet estimar de
forma acurada el Ql dels pacients previ a I'inici del trastorn psiquiatric, i
per tant permet aparellar pacients i controls per Ql previ a l'inici del
trastorn.

- Ql actual: es va mesurar utilitzant 4 subproves de I'escala d’intel-ligéncia
per a adults de Wechsler Il (vocabulari, similituds, disseny de blocs, i

raonament matricial).

86



- Memoria: es va avaluar mitjancant la versio espanyola de la tercera
edicio de I'escala de memoria de Wechsler (WMS-III)

- Funcid executiva: es va avaluar mitjancant la bateria BADS (Behavioural
Assessment of the Dysexecutive Syndrome), també adaptada per a l'Us a

les poblacions espanyoles.

Les dades de I'avaluacié neuropsicologica dels pacients amb Trastorn Delirant van
aportar resultats molt interessants per al treball que estem presentant. A la publicacio
de Schizophrenia Bulletin vam presentar-nos succintament per no augmentar
excessivament la longitud del manuscrit (recordem que a la publicacié vam reportar a
més del trastorn delirant, les alteracions en diferents trastorns psicotics i afectius). Aqui

els presentarem de forma més detallada.

En primer lloc, vam observar que els pacients amb Trastorn Delirant presentaven
deficits de memoria, mesurada amb 'escala WMS (33.6 vs. 42.1 en controls sans;
p<0,001) i alteracions moderades en la funcié executiva, mesurada amb I'escala BADS
(86.2 vs. 100.84 en controls sans; p=0,038). En canvi, no presentaven diferéncies en la
intel-ligéncia mesurada a I'escala WAIS (101.1 vs. 108.5 en controls sans; p=0,09), que
de fet déna una puntuacio al voltant de la mitjana poblacional en el grup de Trastorn

Delirant.

Aquests deficits eren notablement menors que els dels pacients amb esquizofrénia:
menor alteracié de la memoria que en esquizofrénia (33,6 vs. 27,0; p= 0,005), menor

alteracio de la funcid executiva (86,2 vs. 71,8; p=0,05), i Ql més elevat (101,1 vs. 87,6;
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p=0,003). De fet, vam observar diferéencies més grans entre els pacients amb
esquizofrenia i els pacients amb Trastorn Delirant, que entre els pacients amb Trastorn

Delirant i controls sans.

Les seglients taules resumeixen els resultats de la comparacié del rendiment entre
controls, i pacients amb Trastorn Delirant i entre pacients amb Trastorn Delirant i

pacients amb esquizofrénia amb les diferents proves neuropsicologiques realitzades.

Trastorn Delirant Controls sans Valor P
WAIS (Ql) | 101,1 108,5 0,1
WMS (memoria) | 33,6 42,1 <0,001
BADS (disfuncio executiva) | 86,2 100,8 0,03

Taula 1: Neuropsicologia del Trastorn Delirant vs. Controls sans

Trastorn Delirant Esquizofrénia Valor P
WAIS (Ql) | 101,1 87,64 0,003
WMS (memoria) | 33,6 26,9 0,005
BADS (disfuncio executiva) | 86,2 71,7 0,05

Taula 2: Neuropsicologia del Trastorn Delirant vs. ESQ

Es d’especial rellevancia el fet que, de tots els trastorns analitzats, és a dir esquizofrénia
crénica, trastorn esquizoafectiu, trastorn bipolar, trastorn depressiu major, i primers
episodis de depressié unipolar, mania o psicosi, el Trastorn Delirant és I"Gnic que no

presenta un Ql disminuit respecte als controls sans.
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Discussio

Aquest treball és el primer estudi multimodal de neuroimatge sobre el trastorn delirant
en el qual s’"han usat a la vegada técniques d’analisi com la Morfometria Basada en
Voxel (VBM), la Ressonancia Magneética Funcional, o I'estudi de la connectivitat en
repos, que sén amplament usades per a I'estudi de la major part dels trastorns
psiquiatrics i en especial de I'esquizofrenia i altres trastorns psicotics. També s’han
analitzat per primer cop les alteracions de la linia mitja cerebral en els pacients amb

Trastorn Delirant.

Alteracions del volum cerebral:

Al primer estudi, focalitzat en les alteracions estructurals i funcionals globals del
Trastorn Delirant, vam trobar que els pacients amb Trastorn Delirant presenten un
patrd de canvis cerebrals estructurals i funcionals que afecten el cortex cingulat
anterior / frontal medial i la insula. Especificament, els pacients mostraven una
reduccié del volum de la substancia grisa a la regié frontal medial i anterior cingulada
guan vam dur a terme un estudi VBM sense modular. També, vam trobar reduccions
addicionals de volum a la insula bilateral, acompanyades d'una menor connectivitat
funcional en estat de repos a la mateixa area.
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Els nostres resultats apunten a una superposicié amb les alteracions cerebrals que
s’han descrit de forma consistent en el camp de I'esquizofrénia. De fet, a escala
estructural, el cortex cingulat anterior / frontal medial i la insula sén unes de les arees
més consistentment identificades com a regions amb disminucié de substancia grisa en
la psicosi (Bora et al., 2011). En canvi, no vam trobar alteracions a zones com el cortex
prefrontal lateral dorsal i ventral, que també han estat relacionades consistentment
amb reduccions de volum cortical a I'esquizofrénia.

Aixi doncs, aquests resultats apunten cap a una superposicié dels correlats cerebrals
del Trastorn Delirant amb alguns dels correlats cerebrals més caracteristics de
I'esquizofrenia, pero d’altra banda, no hem trobat algunes de les alteracions que també

acostumen a descriure’s als estudis sobre I'esquizofrénia.

Alteracions de la linia mitja:

Al segon estudi, en el qual es presentaven també resultats per a altres trastorns, tant
psicotics com afectius, els nostres resultats mostren un augment significatiu de la
prevalenca de CSP al Trastorn Delirant (el trastorn amb major OR de tots), aixi com una

major prevalenga d'AAl.

Fins on hem pogut investigar, en el moment de la seva publicacié aquest era el primer
estudi que examinava la prevalenca de CSP i AAl en una gran mostra transversal de

pacients amb trastorns de |'estat d’anim i psicotics mitjangant metodes d’adquisicid i
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avaluacié de RM homogenis. Més important en el context d’aquesta tesi és que els
resultats reportats també inclouen les primeres evidéncies d’'una prevalenca més
elevada d’aquestes anomalies cerebrals de la linia mitja en pacients amb Trastorn

Delirant.

Els resultats relatius a la preséncia de CSP en trastorns psicotics coincideixen amb
estudis previs que en van trobar una prevalenca augmentada en primer episodi psicotic
(Kasai et al., 2004) i en esquizofrenia (Delisi et al., 1993), tot i que és cert que d’altres

estudis no van trobar diferéncies significatives.

El CSP és una alteracio del desenvolupament, i per tant la major prevalenca de CSP en
el Trastorn Delirant podria donar forga als models que atribueixen la patologia a
alteracions del desenvolupament des de la fase prenatal fins a la preadolescencia. De
fet, és sabut que molts nens i adolescents que acaben desenvolupant psicosi tenen un
neurodesenvolupament anormal (Rapoport et al., 2012). Aquests models
neurodesenvolupamentals contrasten amb els models neurodegeneratius, que

atribueixen la patologia a una neurodegeneracio progressiva.

Cal destacar, pero, que el nostre estudi detecta alteracions de la linia mitja a tots els
trastorns, afectius i psicotics investigats. Aquesta manca d’especificitat podria suggerir
una alteracié del neurodesenvolupament transdiagnostica, comuna per a aquests

trastorns, tot i que es tractaria d’una evidencia molt preliminar.
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Alteracions de la funcio cerebral:

La interpretacio de les alteracions funcionals que hem trobat al nostre estudi pot ser
bastant similar: d’'una banda, la RMf durant la realitzacié de tasques cognitives no va
revelar una reduccié de l'activacié estadisticament significativa a I'escorca prefrontal
dorsolateral o a altres regions de I'escorga prefrontal en els pacients amb Trastorn
Delirant. Aixd contrasta amb l'esquizofrénia, on s’ha descrit en diverses metanalisis la
presencia d’hipofrontalitat durant la realitzacié d’aquestes tasques. Perd d’altra banda,
vam trobar un fracas de desactivacié a I'escorga frontal medial, cosa que és una
troballa ben replicada en 'esquizofrénia (Broyd et al., 2009; Salgado-Pineda et al.,
2011; Whitfield-Gabrieli et al., 2009). Un cop més, també a nivell funcional, la
conclusié sembla ser que el Trastorn Delirant comparteix caracteristiques amb

I'esquizofrenia, pero sembla presentar una afectacié més limitada.

Finalment, la nostra troballa de disminucio de la connectivitat funcional en estat de
repos a la insula bilateral, en canvi, té paral-lelismes menys clars amb I'esquizofréenia.
Les troballes de connectivitat en aquest darrer trastorn son complexes, ja que s’han
documentat tant augments com disminucions, tot i que les darreres publicacions van

en la linia d’una disminucioé de la connectivitat (Dong et al., 2018).

Alteracions neuropsicologiques:
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Addicionalment, els resultats de les proves neuropsicologiques dutes a terme revelen
la presencia d’alteracions neuropsicologiques entre els pacients afectes de Trastorn
Delirant, especialment pel que fa a la memoria i la funcié executiva. Aquests resultats
concorden amb els pocs estudis publicats en aquest camp. Per exemple, Leposavic et al
(2009) van trobar en una cohort de pacients amb Trastorn Delirant un QI similar al de
la nostra mostra (103) i alteracions a la memoria verbal, que atribuiren a déficits en
I'atencié. Van concloure que “el perfil neuropsicologic dels pacients amb Trastorn
Delirant suggereix disfuncions en les regions anteriors del cervell, especialment la zona
prefrontal [...]".

Anant una mica més enlla, Diaz-Caneja et al ( 2019) van estudiar les alteracions
neuropsicologiques al trastorn delirant, i el seu impacte funcional, observant que les
alteracions cognitives i de memoria presents al Trastorn Delirant s’associaven amb
alteracions del funcionament global més enlla de la gravetat de la simptomatologia
psicotica, i van concloure que “El deteriorament de la memoria verbal i els simptomes
cognitius semblen afectar la funcionalitat en el Trastorn Delirant, més enlla de la
gravetat de la idea paranoica. Aixo suggereix un paper potencial per a les intervencions
cognitives en el maneig del Trastorn Delirant”. Es important destacar que aquestes
funcions cognitives, si bé es mostren afectades en comparacié amb els controls sans, es
troben significativament més conservades que en l'esquizofrénia, tant en aquest estudi

com en el nostre.

Les troballes neuropsicologiques existents a la nostra mostra, relatives a la memoria,
funciod executiva i intel-ligéncia, coincideixen amb les escasses referencies publicades

préviament. Es especialment rellevant posar-les en relacié amb el criteri diagnostic C
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per al Trastorn Delirant, tal com esta descrit al DSM-V (i analogament, a qualsevol
definicié krapeliniana del Trastorn Delirant o Paranoia). Aquest criteri afirma que, al
Trastorn Delirant, “més enlla de I'impacte del(s) deliri(s) o de les seves ramificacions, el
funcionament no es troba marcadament afectat, i el comportament no és clarament
estrany o extravagant”. D’una banda, sembla que reflecteixin a la perfeccié una de les
claus d’aquesta definicidé: “el funcionament no es troba notablement afectat”. En el
nostre estudi, el funcionament sembla una mica pitjor que el dels controls sans, pero
probablement no suficientment perque es trobi “notablement afectat”. Si agafem com
a referencia I'esquizofrenia, en lloc dels controls sans, el funcionament global sembla
clarament millor en els pacients amb Trastorn Delirant versus els subjectes afectes
d’esquizofrénia. D’altra banda, és interessant avaluar I'impacte que té per al clinic la
preservacio de la capacitat intel-lectual. Aixo és especialment rellevant en ambits
clinics on la funcié executiva és més dificil d’avaluar, mentre que I'entrevista clinica
deixa clar que ens trobem davant d’un subjecte amb una capacitat cognitiva

generalment preservada.

Aixi doncs, aquests resultats es poden interpretar de dues formes: per una banda, en la
linia del DSM-V, en el Trastorn Delirant la capacitat intel-lectual sembla estar
relativament preservada, sobretot si prenem com a referéncia els pacients amb
esquizofrénia, enfront dels quals destaca sobretot I'abséncia de deteriorament del Ql.
Pero vistes les alteracions (moderades) de la funcid executiva (mesurada a la BADS) i la
memoria (mesurada a la WMS), la lectura es pot fer en un sentit diferent, convergint

amb les troballes a la neuroimatge del Trastorn Delirant descrites al nostre estudi, cosa
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gue situaria un cop més el Trastorn Delirant en un punt mig entre la normalitat i

I'esquizofrenia.

Implicacié en la patogénesi dels deliris:

La teoria de la Prominéncia Aberrant (Aberrant Salience)

Una de les teories més influents a I’hora d’explicar la génesi dels deliris és la teoria de
I'aberrant salience o prominéncia aberrant (Kapur, 2003), que relaciona els deliris amb
alteracions al sistema de recompensa mitjancat per la dopamina. Kapur proposa
I'existéncia d’'una transmissié de dopamina desregulada que condueix a un
alliberament de dopamina independent de I'estimul. Aquesta aberracié neuroquimica
usurparia el procés normal d’atribucié de prominéncia als estimuls externs i conduiria a
una assignacio erronia de prominencia a objectes externs i representacions internes,
cosa que acabaria, després d’un procés de cristal-litzacid, amb I'aparicié del deliri. Per
tant, la dopamina, que en condicions normals és un mediador de prominencies
rellevants, en estat psicotic es converteix en un creador de promineéencies, en aquest cas

aberrants.

Les regions que han demostrat estar relacionades amb el processament de la

recompensa inclouen una estructura subcortical, el striatum ventral, i les neurones

dopaminergiques del cervell mig, perd molt especialment el cortex cingulat anterior
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gue, juntament amb el cortex orbitofrontal, es considera una area clau, a on es realitza

el calcul del valor predictiu de les recompenses (Haber & Knutson, 2010).

Les alteracions estructurals al cortex cingulat anterior dels pacients amb Trastorn
Delirant que hem descrit al nostre estudi reforcarien la hipotesi que existeix una
implicacié d’aquestes estructures corticals en la génesi dels deliris, que podria ser

compartida entre I'esquizofrenia i el Trastorn Delirant.

La teoria de la hiperactivitat de la Xarxa Neuronal per Defecte

Una de les teories més interessants amb relacié a la génesi dels deliris implica la Xarxa
Neuronal per Defecte o Default Mode Network (DMN), que des que va ser proposada
per primer cop el 2001, s’ha convertit en un important tema de recerca, en especial en
el camp de l'esquizofrenia. Aquesta xarxa estaria formada per una série de zones
cerebral interconnectades que estan actives durant el repos, pero es desactiven durant
la realitzacié d’'una amplia gamma de tasques cognitives. En aquesta hi estaria
fortament implicat el cortex frontal medial.

La DMN s’activa durant formes especialment avancades de pensament (Buckner &
DiNicola, 2019), com per exemple les tasques que requereixen realitzar inferencies
socials, interpretar I'estat mental d’altres persones (Teoria de la Ment), records
autobiografics o la planificacid del futur. En canvi, es desactiva a I’'hora de dur a terme
tasques que exigeixen elevada atencid o en estats de passivitat (ex: com ara avaluacio
de paraules o classificacié d'objectes visuals). Les publicacions més recents refereixen
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un fracas en la desactivacié perd no en l'activacié de la DMN en l'esquizofrénia (Hu et

al., 2017,)

La preséncia de marcades alteracions a nivell del cortex frontal medial als pacients amb
Trastorn Delirant del nostre estudi ens fa pensar que, igual que a I'esquizofrénia (Baker
et al., 2014), la disfuncié d’aquesta xarxa podria jugar un paper important en el cas del

Trastorn Delirant, i en concret podria estar relacionada amb la patogenesi dels deliris.

Cortex frontal medial i autoreferencialitat:

Es interessant, també, posar en relacié les nostres troballes, tant estructurals com
funcionals, amb una simptomatologia molt caracteristica del Trastorn Delirant:
I'autoreferencialitat. Menon et al. (2011) van analitzar els correlats neuronals dels
deliris autoreferencials, tipics de I'esquizofrénia, perd que també ho sdn del Trastorn
Delirant, trobant una clara relacié entre la preséencia d’aquesta simptomatologiai la
presencia d’alteracions funcionals a nivell del cortex frontal medial. En la mateixa linia,
recentment De Pisapia et al. (2019) proposaven un rol central del cortex prefrontal
medial en el processament de la informacid autoreferencial amb contingut emocional, i
en especial d’informacié amb atributs negatius.

Les nostres troballes, centrades en gran part en el cortex frontal medial, reforgarien la
relacié proposada per Menon entre autoreferencialitat i alteracions del cortex frontal

medial.
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Fortaleses i Limitacions

Les principals fortaleses d’aquest treball sén:

Seleccio de la mostra:

En el camp del Trastorn Delirant, aquest no és el primer estudi que n’intenta
caracteritzar les alteracions cerebrals i els seus correlats. Perd un cop revisats els
estudis préviament publicats, en la majoria trobem els mateixos defectes o biaixos,
relacionats amb una seleccio de la mostra basada en criteris poc rigorosos. Els defectes
més habituals son: diagnostic retrospectiu, diagnostic basat Unicament en histories
cliniques, entrevistes cliniques superficials o no suficientment estructurades, i manca
de criteris d’exclusié rigorosos (ex: edat mitja > 65 anys). Donat que es tracta d’un
trastorn en el qual la clinica i la historia evolutiva sén cabdals a I’'hora de dur a terme el
diagnostic, creiem que un diagnostic retrospectiu, basat en histories cliniques, una
entrevista clinica superficial o la manca de criteris d’exclusio rigorosos pot portar
facilment a la contaminacio de la mostra, especialment amb casos d’esquizofrenia
sense simptomatologia al-lucinatdria o amb poc deteriorament cognitiu o funcional.
Aixi doncs, una de les grans fortaleses d’aquest treball és el fet que la mostra de
pacients ha estat seleccionada amb un gran rigor: vam entrevistar multiples vegades
els pacients, familiars i responsables terapéutics dels pacients i vam revisar curosament
les histories cliniques, per eliminar qualsevol dubte respecte a la validesa del diagnostic
de Trastorn Delirant. Creiem que encara aporta més solidesa a la mostra el fet que
totes les entrevistes s’hagin dut a terme conjuntament per part de 2 psiquiatres amb
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experiéncia en el camp de la psicosi i del Trastorn Delirant, un d’ells referent en el mén
de la psicosi i dels deliris (P) McKenna), amb més de 35 anys d’experiencia i multiples

publicacions de referencia en el camp de la psicosi.

Avaluaciéo multimodal:

En el cas del primer article publicat, el fet d’haver usat diferents seqliencies i tecniques
d’analisi per tal d’estudiar tant I'estructura com la funcié cerebral, suposa una gran
fortalesa, i ens ha permes arribar a resultats convergents que confereixen més

robustesa a 'estudi que si haguéssim realitzat I'estudi mitjancant una sola modalitat.

Avaluacio transdiagnostica:

En el cas del segon article, és una fortalesa la presencia d’'una mostra molt gran de
pacients amb diferents diagnostics (639), aixi com controls (223), la qual cosa permet
donar més robustesa als resultats, i sobretot posar en context les troballes al Trastorn
Delirant (el trastorn amb l'alteracié més significativa del CSP) en relacié amb diferents

trastorns psicotics i no psicotics.

Evidentment, aquest treball té també algunes limitacions:

En primer lloc, la mida de la mostra de pacients amb Trastorn Delirant és relativament
petita, motiu pel qual no es pot descartar que no tinguéssim prou potéencia estadistica
per a detectar altres anomalies. Dit aix0, cal comentar, pero, que es tracta d’'una de les

mostres més grans de pacients amb Trastorn Delirant publicades, donada la dificultat
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de reclutament associada a aquest trastorn. A més a més, si bé no podem descartar
gue amb mostres més grans haguéssim trobat anomalies menors, també és veritat que
vam tenir suficient poténcia per detectar les anomalies majors i per tant potencialment
més rellevants. També a causa de la mida de la mostra, no s’ha pogut fer una analisi
dels subgrups del trastorn delirant. Aquests subtipus (erotomaniac, cel-lotipic,
megalomaniac, persecutori, somatic i mixt), presenten diferéncies cliniques que han fet
pensar a alguns investigadors en I'existencia de diferéncies fisiopatologiques que
podrien portar fins i tot a diferents abordatges farmacologics. Seria molt interessant

poder-ne fer un estudi per separat més endavant.

Al segon article publicat, la limitacié més gran és I’Us d’un sistema binari a I’'hora de
codificar les alteracions cerebrals (presents vs. absents), comparat amb I'adopcié de

mesuraments continus en altres estudis.

D’altra banda, tampoc hem pogut tenir en compte la preséncia de comorbiditats
(destacable prevalenca de depressid major a la mostra), tot i que si que s’han eliminat,

per evitar un potent factor de confusid, els casos amb comorbiditat d’episodis maniacs.

També cal comentar que per a la ressonancia funcional vam usar una tasca especifica i

una analisi de connectivitat especifica, per la qual cosa cal anar amb precaucié a I’hora

d’extrapolar aquests resultats a altres tasques o altres mesures de connectivitat.
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Finalment, una altra limitacié important és que la majoria de pacients estaven en
tractament amb farmacs antipsicotics, la qual cosa pot haver contaminat els resultats

per la seva potencial capacitat de causar canvis cerebrals per si mateixos.
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Conclusions

e Els pacients amb Trastorn Delirant presenten alteracions cerebrals estructurals i
funcionals, que son rellevants en comparacié amb els controls sans.

® Les alteracions de la volumetria cerebral es concentren al cortex frontal medial
/ cingulat anterior i la insula bilateral, i 'facompanyen d’alteracions de la linia
mitja (augment de preséncia de CSP i d’AAl).

e A nivell funcional, existeix una abséncia de desactivacié al cortex frontal medial
/ cingulat anterior durant l'activacié cognitiva.

e Els pacients amb Trastorn Delirant presenten una disminucié de la connectivitat
funcional en estat de repos a I'insula bilateral

e Aquestes alteracions s’associen a un QI preservat, i una disminucié moderada
de la memoria i la funcidé executiva.

® Les alteracions anatomiques i funcionals sén compatibles amb diverses teories
sobre la patogénesi dels deliris, com la prominéncia aberrant o la hiperactivitat
de la xarxa neuronal per defecte.

e El Trastorn Delirant té similituds amb altres trastorns psicotics, perd en molts
aspectes es troba a mig cami entre les alteracions observades en I'esquizofrénia

i la normalitat.
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Annexos

En el context de I'estudi del Trastorn Delirant, vam publicar previament, amb el mateix
grup de recerca amb el que es va dur a terme posteriorment la recerca que es presenta
aqui, un article sobre la comorbiditat del Trastorn Delirant. Degut a que s’havia publicat
préviament a l'inici de la inscripcié en el curs de doctorat, i al fet que no es tracta d’un
estudi amb casos i controls sind d’un recull de casos, no s’ha inclos en el corpus

d’aquesta tesi.

També, el fet que els casos referits en aquest article no s’incloguessin en la mostra
analitzada en els articles 1 i 2 d’aquesta tesi fa palesa el rigor de la seleccid de la mostra
final, en la qual es va voler evitar en tot moment la contaminacié per casos on pogués
haver-hi algun tipus de dubte amb el diagnostic o amb factors de confusié rellevants,
com seria en aquest cas la preséncia d’episodis maniacs concomitants al Trastorn

Delirant.

D’altra banda, un altre motiu per no haver inclos aquest grup de pacients en |'estudi de
neuroimatge és el fet que el DSM-IV, vigent en el moment en el qual es va iniciar
aquest treball, no explicitava la presencia de quadres maniacs de forma concomitant al
Trastorn Delirant, sind que Unicament parlava d’episodis afectius. Curiosament, un dels
Unics canvis que introdueix el DSM-V en els criteris diagnostics del Trastorn Delirant,
dos anys després de l'article que aqui es presenta, és que fa explicit que pot haver-hi

episodis maniacs, sempre que siguin de curta duracio.
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Comorbiditat del Trastorn Delirant amb trastorns afectius segons el DSM

DSM IV Si s’han produit episodis afectius simultaniament amb deliris, la seva
durada total ha estat breu en relacié amb la durada dels periodes
delirants.

DSM V Si s’han produit episodis maniacs o de depressié major, aquests han

estat breus en relacié amb la durada dels periodes delirants.

Taula 3: canvis en els criteris diagnostics referents a la comorbiditat de trastorns afectius en els

manuals DSM IV i V
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Background: Although it is accepted that patients with delusional disorder can show co-existing
depression, comorbidity with bipolar disorder is not a recognised feature.

Method: Case report of patients who showed both delusional disorder and mania or hypomania.
The patients were examined using lifetime structured psychiatric interview where possible.

Results: Four patients are described who met criteria for delusional disorder, with durations
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ranging from 2 to 15 years, and also experienced one or more episodes of mania or hypomania.
Limitations: Case reports cannot quantify a clinical association.

Conclusions: These cases suggest that there is an association between delusional disorder and
affective disorder which goes beyond the occurrence of depressive symptoms in the disorder.

© 2011 Elsevier B.V. All rights reserved.

Following Kendler's (1980) review of the concept,
delusional disorder is now accepted as a distinct clinical
entity. Nevertheless, doubts remain about its independence
from other major psychiatric disorders. For example, in a
recent follow-up study, Marneros et al. (in press) found that 6
of 33 (18%) patients meeting ICD 10 and DSM IV criteria for
delusional disorder underwent a conversion to schizophrenia,
on average after 7-8 years of illness.

Kendler's (1980) original criteria for delusional disorder
excluded the presence of a full affective syndrome. This
requirement has since been relaxed with respect to depression,
with both DSM IV and ICD 10 stating that mild depressive
symptoms and even a full major depressive episode can be
present intermittently (although DSM IV requires that it should
be relatively brief). Comorbid bipolar disorder, however,
remains an exclusion: DSM IV implies that presence of mood
elevation should lead to a dual diagnosis of psychotic disorder
NOS and bipolar disorder NOS.

* Corresponding author at: Antoni Pujadas 38, Sant Boi de Llobregat,
08830 (Barcelona), Spain. Tel.: +34 617 34 54 30.
E-mail address: victorvicens@gmail.com (V. Vicens).

0165-0327/$ - see front matter © 2011 Elsevier B.V. All rights reserved.
doi:10.1016/j.jad.2011.05.035

This article presents four patients who showed typical
presentations of delusional disorder but who had also, at
some point in their lives, experienced clear-cut episodes of
mania or hypomania.

Case 1. After a theft at his workplace, a 28-year-old single
printer started to believe that his bosses and colleagues
suspected he was involved. He noticed his coworkers talking
about him and giving him looks, and found that the settings of
his press machine were changed when he was not there. He
eventually came to believe that his bosses were monitoring
him with cameras and microphones. He moved to a different
job and the symptoms stopped. Some months later, however,
after a previous workmate appeared in the workplace, they
started again, and he became convinced that attempts were
being made to poison him. The patient went on to change his
job several times. When he did not work in the printing
industry he did not experience any symptoms. However, he
was often attracted back by the high salary he could earn, and
then the symptoms always returned.

Four years later the patient was admitted with a two-week
history of expansive mood, irritability, decreased need for sleep,
increased speech and disinhibition. He was diagnosed as manic
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and improved on treatment. He did not persist with treatment
and two years later, he was re-admitted with similar
symptoms. Since then he has remained well on lithium and
olanzapine. He works full time and has recently obtained higher
qualifications. He has a long-term girlfriend who he lives with.

Lifetime structured psychiatric interview using the Present
State Examination, 9th Edition (Wing et al., 1974) revealed
referential beliefs, plus a fixed persecutory delusion that his
original bosses wanted to harm him. He denied ever having
experienced hallucinations or first-rank symptoms. The patient
accepts that he has bipolar disorder but is convinced that this
was caused by intentional poisoning.

Case 2. Atthe age of 33 a secretary overheard a remark at work
and realised that an event that took place six years previously,
where she thought she was being suspected of cheating in an
examination, had gotten back to her current place of work.
From then on she started noticing her colleagues making
comments about her being promiscuous and sleeping with her
teachers in order to pass exams. They would refer to her
indirectly by using the name of a cheap brand of tampons or by
repeating the slogan from a TV advert. At one point someone at
work commented ‘Your husband wears glasses, doesn't he?’,
which she took to mean that the person was implying that her
daughter was not her husband's. She was treated with
olanzapine but remained symptomatic.

Ten years later she stopped all treatment. Her paranoid
symptoms became worse, but then she became overtalkative
and irritable. She started writing pages every day while
listening to music and singing loudly. She was admitted and
was noted to show pressure of speech and flight of ideas; she
also described feeling that she was the best typist in the world
and was unusually sexually attractive. She was treated with
risperidone and slowly improved.

She underwent structured psychiatric interview four
months after discharge. She accepted that her previous
grandiose ideas were unfounded, but continued to experience
the previous persecutory and referential beliefs. She denied
past or present hallucinations and there were no other
symptoms of schizophrenia.

Case 3. This 34-year-old woman developed symptoms of
morbid jealousy two years previously. At home, she noticed
that things were being moved when she was out, and found
long black hairs on the floor (her hair was blonde). She called
her husband repeatedly at work, checked his clothes for
perfume, investigated what telephone calls he had made, and
once went to a neighbour's house to accuse her of being her
husband's lover. She had two admissions over this period and
received treatment with olanzapine.

Structured psychiatric interview revealed a fixed delusion of
infidelity and referential delusions related to this. She also
described two periods of mild to moderate depressive
symptoms during the previous two years; however, neither of
these met criteria for major depressive disorder. She had never
experienced hallucinations or other psychotic symptoms.
When asked about hypomanic symptoms at any point in her
life, she described that 11 years previously, two months after
breaking up with a boyfriend, she started feeling euphoric
without a reason. She felt very healthy and full of energy, and
some nights didn't sleep at all. She spent a lot of money on

clothes, bought a car she could barely afford and, although
normally a shy person, she became very talkative. She also had
multiple casual sexual relations with men, something she had
not done before or since. At work, she felt she was the fastest
and the best, and noticed everything was going too slowly for
her. Her parents felt she was acting strangely. The episode
terminated spontaneously after around four months.

Case 4. This 44-year-old single man was first admitted at the
age of 27, with a two-week history of hyperactivity and
decreased need for sleep. He described a feeling of well-being
and believed he was a famous psychiatrist. Objectively, he
showed disinhibition, irritability and pressure of speech. He
improved rapidly on treatment with lithium. He had three
further episodes with similar symptoms at the ages of 28, 43
and 44; all of these occurred after he stopped lithium or took
itirregularly. Between admissions he continued to work as an
administrator.

At the age of 40, the patient stated that he fell in love with
a TV presenter the first time he saw her reading the news. He
started writing letters to her and believed that she was
answering them through smiles and hints in what she said on
TV. His letters to her became increasingly sexual, and
eventually the presenter took legal action to prevent him
having any kind of contact with her. He interpreted this as
proof of her love for him, and resumed writing to her.

The patient was interviewed towards the end of his most
recent admission for hypomania. No affective symptoms were
evident at this time. He was absolutely convinced that the TV
presenter reciprocated his love. He described a number of
referential delusions relating to her appearances on TV, but
denied ever having experienced auditory or other hallucina-
tions, or first rank symptoms. He stated that he had a good
knowledge of psychology, as a result of having done a
correspondence course, and became guarded on further
questioning about this, raising the suspicion that he contin-
ued to hold pathological beliefs in this area.

1. Discussion

The four patients described here all showed typical pictures
of delusional disorder, yet they also experienced unequivocal
episodes of mania or hypomania. Schizophrenia/schizoaffective
psychosis does not appear to be a credible alternative diagnosis,
given the patients' absence of psychotic symptoms other than
delusions and their lack of decline in functioning over 2-
15 years. The fact that three of them experienced delusions for
long periods when they were euthymic also makes any
argument that they were really suffering from psychotic
forms of bipolar disorder difficult to sustain.

Two studies of paranoia in the pre-DSM III era found that
6% (Retterstol, 1966) and 3% (Winokur, 1977) showed
evidence of major affective disorder at follow-up. Later,
Akiskal et al. (1983) described five patients with delusional
disorder who responded to antidepressant treatment. One of
these cases later went on to have a manic episode. Recent
surveys of patients meeting diagnostic criteria for delusional
disorder also point in the same direction: Maina et al. (2001)
found that 23 of 64 patients qualified for an additional
lifetime diagnosis of major depression, and that the mood
disorder preceded the onset of the delusional disorder in
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approximately one-third of cases. Grover et al. (2007) found
that one of 88 patients had a previous history of mania. de
Portugal et al. (2011) found that 21 of 86 patients had
experience one or more episodes meeting criteria for major
depression and two had a past history of hypomania.

Taken together, the findings suggest that there is a genuine
clinical association between delusional disorder and affective
disorder, which includes not just major depression but also
bipolar disorder. One might even speculate that the higher
frequency of major depression than mania associated with the
disorder simply reflects the higher frequency of unipolar major
depression than bipolar disorder in the general population.
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