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1. INTRODUCCIO

Els intents de mesurar canvis en l'estructura cerebral i correlacionar-los amb aspectes de la
conducta no és una idea cientifica nova. De fet, a finals del segle XIX i inicis del segle XX, ja es
va intentar definir els correlats neuroanatomics de les funcions cerebrals normals i de les
diferents patologies caracteritzades per alteracions de la conducta. En aquest periode els
treballs neuropatologics post mortem constituien I'Unica forma de realitzar aquest tipus
d'estudis. Els resultats dels treballs realitzats en la majoria de les patologies
neuropsiquiatriques van ser contradictoris i desesperancadors, fet que es pot relacionar amb
els instruments utilitzats i amb les expectatives de detectar grans canvis, quan en realitat les
alteracions eren probablement subtils i discretes. Aquest estat de la questié va fer que
l'interés en relacidé a la neuropatologia dels trastorns psiquiatrics anés decreixent
progressivament fins a constituir un terreny desates pels patolegs durant molts anys (1). En
les ultimes décades s'han acumulat un important nombre d'evidéncies que progressivament
han permés superar aquesta concepcid. La utilitzacid de les técniques d'imatge estructural
com la tomografia computaritzada (TC) o la imatge per ressonancia magnética (RM) i les
diferents técniques de neuroimatge funcional: la ressonancia magnetica funcional (RMf), la
tomografia computeritzada per emissié de fotd unic (SPECT, de les seves sigles en anglés) o la
tomografia per emissié de positrons (PET, de les seves sigles en anglés) ens permeten estudiar
canvis subtils en I'estructura i en la funcié cerebral que poden estar associats a les malalties
psiquiatriques. Aquestes tecniques faciliten I'estudi in vivo de grups amplis de pacients i
permeten superar les limitacions metodologiques que suposaven els estudis neuropatologics

post mortem. Els nous avencos tecnics sdn capacos de delimitar amb gran resolucid
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estructures cerebrals concretes i estudiar canvis en el seu volum, morfologia, funcié o

connectivitat. En els QUADRES 1 i 2 s’exposa una breu descripcid de les bases fisiques de la

RM, la técnica utilitzada a la nostra investigacid.

QUADRE 1: Bases fisiques de la ressonancia magnética

FIGURA 1: Precessié en un camp
magnétic

La primera RM realitzada a un ésser huma data de 1977 (2) i
va suposar un gran aveng respecte a la Tomogafia
Computeritzada (TC) ja que permetia delimitar amb gran
resolucid arees concretes de teixit cerebral. La base de la RM
consisteix en que els atoms tenen un moviment de rotacio
sobre si mateixos (precessio, veure FIGURA 1) al voltant d’un
eix que esta orientat espacialment de forma aleatoria. En
exposar aquests atoms a un camp magnetic (tipicament
d’1.5 o de 3 teslas), els nuclis imparells (nuclis d'hidrogen o
proto) s'alineen amb el camp. Si sotmetem aquests atoms
alineats a un pols de radiofreqiiéncia que entri en
ressonancia amb la freqiiéncia de rotacio de I'atom, I'eix del
nucli es desvia del camp en 902 o 1802 respecte I’eix del
camp magnétic. Quan finalitza el pols, el nucli s'alinea de
nou amb el camp i en aquesta relaxacio emet la seva propia
senyal de radiofreqiiéncia que és recollida per una antena
situada en la proximitat del teixit a estudiar. En funcio de la
manera com s’ha estimulat els atoms i de la lectura que es
faci de la senyal de radiofreqliéncia emesa per I'atom
s'obtenen les diferents seqiiéncies de la RM, com les
seqiiéncia d’eco d’espin potenciades en T1 o potenciades en
T2 o les seqtiiencies d’eco de gradient. L'ordinador analitza i
processa aquestes senyals traduint-les a les tipiques imatges
bidimensionals en escala de grisos de la RM. Aquestes
imatges es poden obtenir en els tres eixos de I'espai (axial,
coronal i sagital). El processament d'aquestes imatges
permet, aixi mateix, la reconstruccio tridimensional de la
regio estudiada (RM tridimensional).
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QUADRE 2: Bases fisiques de la ressonancia magnética funcional (RMf)

FIGURA 2: Canvis regionals
d’oxigenacid sanguinea relacionats
amb I'activitat neuronal

FIGURA 3: Imatge de RMf durant la
realitzacio d’una tasca

Fa temps que es coneix que l'activitat neuronal indueix un
increment local del flux sanguini contingent a aquesta
activitat (efecte BOLD, de les sigles en anglés de Blood
Oxygen Level Dependency). Tenint en compte que amb
seqiiéncies especifiques de RM (com la seqliiencia EPI, de les
sigles en angles d’Echo-Planar Imaging) es poden mesurar
aquests canvis d’oxigenacié de la sang relacionats amb
I'activitat neuronal, podem fer us de la RMf per mesurar el
nivell regional d’activitat neuronal en viu (veure FIGURA 2).
La tecnica permet I'adquisicié ultrarapida (tipicament en 2
segons) de volums d’imatges de RMf en repos o mentre el
subjecte esta realitzant algun tipus d’activitat motora,
cognitiva o de processament emocional. Al comparar el nivell
regional d’oxigenacio sanguinia derivat de les imatges
obtingudes quan el subjecte esta realitzant algun tipus de
tasca amb els nivells derivats de la situacio de repos, podem
obtenir mapes de la distribucio de [activitat neuronal
contingent a la realitzacio de la tasca estudiada (veure
FIGURA 3). Si comparem la RMf amb la resta de tecniques
funcionals normalment utilitzades als estudis de
neuroimatge (basicament PET i SPECT), ens trobem amb
I'inconvenient que la RMf és molt sensible al moviment del
subjecte durant I'adquisicio de les imatges. Tot i que
existeixen diverses estratégies per prevenir o corregir aquest
moviment, aquest fet dificulta les adquisicions durant llargs
periodes de temps o de determinats grups de pacients (amb
quadres d’agitacio, amb trastorns del moviment, o amb
diversos tipus de retard mental, per exemple). En quant als
avantatges, cal destacar la seva major resolucio espacial i
temporal, aixi com la poca invasivitat de la técnica, ja que no
és necessari I'us d'isotops radioactius, que si s'utilitzen en el
SPECT i la PET, fet que permet realitzar exploracions seriades
a un mateix subjecte o a determinades poblacions en les que
les técniques basades en I’s d’isotops radioactius estan poc
indicades (per exemple, poblacié infantil). La RMf és avui en
dia la tecnica d’eleccio en estudis de neuroimatge funcional
dirigits a obtenir mesures d’activacio cerebral durant la
realitzacid de tasques o la presentacio d’estimuls.
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1.1. NEUROIMATGE | PSIQUIATRIA: FENOTIPS DE NEUROIMATGE EN DEPRESSIO

Les troballes derivades de la recerca en el camp de la imatge cerebral en psiquiatria es
podrien englobar en el que s'han denominat fenotips de neuroimatge, que es poden definir
com aquells canvis estructurals i/o funcionals que s’associarien a caracteristiques especifiques

del trastorn mental i/o ajudarien a definir a grups concrets de pacients.

En concret, en el terreny del trastorn depressiu hem assistit a un increment progressiu en el
nombre d'estudis que utilitzen la neuroimatge. La comprensié d'aquestes troballes i la seva
integracié amb aspectes clinics, estudis de models animals o altres troballes biologiques estan
permetent aprofundir en el coneixement etiopatologic de la malaltia depressiva. Es a dir, la
integracié de les dades derivades dels estudis de neuroimatge estructural i funcional, i les
dades emergents del camp de la neuropatologia, permeten millorar el coneixement de la
localitzacié anatomica i la naturalesa dels canvis neurofisiologics, metabolics, de flux cerebral
o de neurotransmissié i progressar en el desenvolupament del model neurobioldgic de
depressié. No obstant aix0, la complexitat del trastorn afavoreix que molts dels estudis
aportin dades dificils d’integrar o fins i tot contradictories. La utilitzacié de les noves tecniques
d'adquisicio i analisi en neuroimatge, juntament amb la seleccié de mostres més homogenies

de pacients, poden permetre superar aquests obstacles.

Si ens centrem en els fenotips de neuroimatge de la depressid (3), aquests englobarien canvis
gue s'associen a caracteristiques especifiques del trastorn, com ara el numero de

recurréncies, o que ajuden a definir a grups concrets de pacients. Entre els fenotips de
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neuroimatge en depressié que estan sustentats per un major nombre d’evidéencies cal
destacar les lesions de substancia blanca, la disminucié del volum de ['hipocamp, les
alteracions en I'estructura i funcié de I'escorca cingulada, els canvis en I'estructura i funcié de
I'amigdala, les alteracions en I'estructura i funcié de I'insula, les alteracions del sistema de
recompensa, l'escor¢a dorso-lateral i la seva relacid amb la funcié cognitiva i els canvis en
I’escorga orbito-frontal i la connectivitat fronto-limbica. En 'ESQUEMA 1 es pot observar un

resum d’aquests fenotips de neuroimatge vinculats al trastorn depressiu.

ESQUEMA 1. Principals regions involucrades en els fenotips de neuroimatge en depressio

EOF: Escorga orbito-frontal, EPFDL: Escorga prefrontal dorso-lateral, ECA: Escorga cingulada anterior, INS: Insula,
EV: Estriat ventral, AM: Amigdala, HIP: Hipocamp.
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1.1.1. Lesions de substancia blanca

Una de les dades més replicades en estudis de neuroimatge estructural de pacients amb
depressié unipolar és la presencia d’'un major numero de lesions hiperintenses en seqlieéncies
de RM estructural potenciades en T2 quan se’ls compara amb subjectes sans. (4, 5). Aquesta
troballa radiologica és caracteristica de pacients ancians (6-10), sent molt més controvertida
la seva relacié amb la depressié unipolar de I'adult jove (10-13). L'etiologia d'aquestes
alteracions de la substancia blanca no esta ben establerta i, de fet, aquestes lesions també
s’han descrit en la deméncia de tipus Alzheimer i en altres trastorns psiquiatrics com el
trastorn bipolar (14-16). A més, s'ha estimat que entre el 30 i el 60% dels subjectes sans
poden presentar aquestes alteracions, sense que se’n conegui la causa ni se'ls atribueixi
rellevancia clinica o funcional (12, 17). L'explicacié més probable és que es tracti de lesions
d'origen vascular, possibilitat que ha portat a plantejar la hipotesi de la depressid vascular (18,
19), la qual planteja que la depressié podria estar causada per una malaltia vascular cerebral,
expressada en forma de lesions hiperintenses de substancia blanca, que afectarien a les vies i
estructures subcorticals que participen de forma especifica en la regulacié de I'humor (18). En
aquest sentit, és important esmentar que la preséncia de lesions hiperintenses correlaciona
de forma robusta amb I'edat i els factors de risc cardiovascular (hipertensié, diabetis, historia
d'infart de miocardi i tabaquisme) i que els pacients que han patit un accident vascular
cerebral, sobretot en determinades localitzacions, presenten una alta incidéncia de depressid
(20-22). Les lesions hiperintenses presenten una marcada importancia clinica com a predictors

de mala resposta al tractament i com a marcadors de risc de recaiguda (23). Igualment, han
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estat també associades a I'existéncia de déficits cognoscitius (19), retard psicomotor (10), i a

I’'abséncia d'antecedents familiars de depressié (10, 24, 25).

Les lesions hiperintenses del trastorn depressiu es poden classificar en funcié de la seva
localitzacid en lesions periventriculars, lesions de la substancia blanca profunda i lesions de la
substancia gris subcortical. El nombre de lesions periventriculars en pacients deprimits és
comparable a la de subjectes sans d'edat similar, de manera que es consideren una troballa
inespecifica. Al contrari, el nombre de lesions localitzades a la substancia gris subcortical i a la
substancia blanca profunda es troba significativament incrementat (26, 27) en les mostres de
pacients depressius. El nombre d'estudis que relacionen la depressié de I'ancia amb lesions
hiperintenses en la substancia gris subcortical, com els ganglis basals (26, 28-32), i la
substancia blanca profunda (9, 24, 26, 33-35) és molt ampli, fet que confereix a aquesta
troballa una gran consistencia. La relacié d'aquestes lesions amb la depressid és més solida
qguan s’afecten regions del lobul frontal (28, 36), especialment I'escorca orbito-frontal (37) i

I'escorca prefrontal dorso-lateral (38), o els circuits fronto-subcorticals.

En definitiva, encara que diferents estudis han demostrat que les lesions hiperintenses estan
associades a l'edat (10, 39), a factors de risc cardiovascular i a la malaltia cerebrovascular (6),
la seva etiologia no esta clara ni completament determinada. Una possibilitat és que es pugui
relacionar amb un excés de patologia vascular, pero aquest fet no s'ha confirmat (40) i de fet,
el major del numero de lesions hiperintenses observat en pacients depressius es manté fins i
tot quan es compara amb grups de controls sans controlant la presencia de factors de risc

cardiovascular (32, 41). Queda per establir en quina mesura altres patologies somatiques no
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vasculars o altres factors biologics poden contribuir al desenvolupament d'aquestes lesions
(42). Els estudis clinics suggereixen que la incidéncia de depressié augmenta després dels
infarts de miocardi, els accidents vasculars cerebrals o en pacients amb hipertensié (18), pero
a linrevés, la depressié també constitueix un factor de risc independent per aquestes
malalties (43-45). Aquest ultim fet es podria explicar per un efecte neurohormonal directe o
bé de forma indirecta per una pitjor adheréencia terapéutica en relacié al tractament medic
utilitzat pel control dels factors de risc cardiovascular. Una altra possibilitat és que la
depressié, independentment dels factors de risc cardiovascular, incrementi el risc de

desenvolupar lesions hiperintenses.

Un estudi realitzat mitjancant RM espectroscopica va assenyalar diferéncies bioquimiques en
les lesions hiperintenses dels pacients depressius en comparacié amb les dels controls sans
(46). També s’han portat a terme estudis neuropatologics, els quals determinen que les
lesions hiperintenses en els subjectes depressius son més freqlientment de naturalesa
isquémica i mostren una major afinitat per I'escorca prefrontal dorso-lateral que en el cas dels
controls sans (38). Els autors suggereixen que és possible que les lesions hiperintenses
progressin des d'una lesid vascular no isquémica fins a una lesié vascular isquémica quan se
supera un determinat llindar. Es possible que en els pacients depressius el llindar sigui menor,
fet que faria més vulnerables a aquests pacients a presentar aquest tipus de lesions. D'altra
banda, els canvis fisiopatologics propis de la depressid inclouen aspectes com la reduccié de la
perfusid cerebral (especialment prefrontal), aixi com canvis immunitaris o de coagulacié que

poden afavorir aquest procés. Aixi doncs, la relacié causa efecte podria ser reciproca, de
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manera que aquestes lesions podrien produir-se per una interaccié reciproca entre la

patologia depressiva i la cardiovascular.

La majoria d'estudis s'han centrat en pacients amb depressid geriatrica, i encara que algunes
caracteristiques associades a la presencia de lesions hiperintenses sén al seu torn
caracteristiques reconegudes de la depressid malenconiosa, com I'edat avangada o el retard
psicomotor, no hi ha estudis que avaluin de forma especifica la seva existéncia en pacients

amb depressié malenconiosa.

1.1.2. Disminucioé de volum de I’hipocamp

L'hipocamp es localitza a la part medial del Idbul temporal d'ambdés hemisferis cerebrals. Es
una de les estructures nuclears del sistema limbic i presenta amplies connexions amb altres
estructures cerebrals, com |'escorca prefrontal, el nucli talamic anterior, I'amigdala, els ganglis
basals o I'hipotalem, integrant-se en els circuits neuroanatomics de la regulacié emocional.
Les evidéncies demostren una implicacid fonamental de I'hipocamp en 'aprenentatge i la
memoria, aixi com en el control i regulacid de les respostes d'estres i de la conducta motivada

i emocional.

Un important nombre d'estudis han examinat les possibles alteracions de I'estructura i volum
de I'hipocamp en la depressid, havent-se detectat de forma consistent diferents graus
d'alteracié en el volum i morfologia d'aquesta regié. No obstant aix0, no tots els treballs

observen diferéncies significatives. Les discrepancies entre els diferents estudis poden, en
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part, explicar-se per aspectes relacionats amb la tecnica aplicada o per diferencies en la
seleccio de la mostra. Els resultats obtinguts fins a la data actual suggereixen que les
alteracions de l'estructura de I'hipocamp poden ser més rellevants en pacients amb formes
greus de depressid, com els que presenten episodis depressius recurrents o els que sén
refractaris al tractament. També alguns dels treballs han detectat alteracions en la morfologia
hipocampica en pacients depressius ancians (47-50). No obstant aix0, I'edat no sembla I'Unic
factor rellevant per predir les alteracions del volum de I'hipocamp en els pacients depressius

(47, 48).

Els estudis del grup de Sheline (47, 48) han demostrat una relacié entre |'atrofia bilateral de
I'hipocamp i la naturalesa recurrent de la depressid, assenyalant una relacié inversa entre la
guantitat de temps durant el qual s'ha patit depressid i el volum de I'hipocamp. En aquest
context, s'ha relacionat el temps durant el qual els pacients deprimits no han rebut
tractament antidepressiu i la disminucié del volum de I'hipocamp (51). Altres grups han
detectat canvis en el volum de I'hipocamp, especialment en I'hemisferi esquerre, en pacients
amb depressié refractaria al tractament (52-54). En els pacients amb depressions moderades
o en aquells amb primers episodis depressius la consistencia dels resultats que assenyalen
I'atrofia de I’hipocamp és menor. La implicacié de I'hipocamp en els models neuroanatomics
de depressid queda confirmada per resultats derivats d'estudis longitudinals recents. En ells,
els pacients amb trastorn depressiu major amb menors volums de I'hipocamp van presentar
una menor probabilitat de remetre després d'un any de seguiment (55). En un estudi
prospectiu a tres anys de seguiment es va descriure una major disminucié en els volums de

I’'hipocamp al llarg del temps en el grup de pacients depressius respecte a un grup de
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subjectes sans (56). De la mateixa manera, es va observar que els pacients que van recaure
durant els 2 anys de seguiment mostraven un menor volum de I'hipocamp comparat amb
controls sans (57). Congruentment amb aquestes dades, en un estudi postmortem realitzat en
pacients depressius es va detectar un augment del 36% de la densitat neuronal en I'hipocamp
juntament amb una reduccié del 20% en la mida neuronal, indicatiu de la perdua de neuropil

(68).

Globalment, els diferents estudis suggereixen que els pacients depressius amb clinica
recurrent o aquells d'evolucid cronica séon més susceptibles a presentar alteracions
morfologiques i volumeétriques de I'hipocamp. Nombrosos estudis preclinics suggereixen la
possibilitat que els canvis morfologics de I'hipocamp siguin conseqiiéncia de I'estrés.
L'exposicié a l'estres psicosocial o I'administracid d'hormones corticoides pot alterar la
morfologia de les dendrites i I'estructura sinaptica de les neurones hipocampiques, aixi com
inhibir la neurogenesi en el gir dentat de I'hipocamp. En aquest context, s’ha descrit que els
pacients depressius amb antecedents d'experiéncies estressants en la infantesa presenten
una major reduccié del volum de I'hipocamp quan es comparen amb una mostra similar de
pacients sense aquestes experiencies durant el periode infantil. En aquest sentit, aguestes
alteracions en el volum de I"hipocamp podrien reflectir canvis incipients o bé ser responsables
d'una major vulnerabilitat (58, 59). Les variacions subtils en el volum o forma de I'hipocamp
podrien constituir un factor de risc o vulnerabilitat per al desenvolupament de respostes
anomales davant situacions d'estres, que en l'ésser huma podrien conduir a diferents

patologies psiquiatriques com els trastorns d'ansietat o la depressid.
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1.1.3. Alteracions de l'estructura i la funcid de I'escorca cingulada

Diferents estudis han descrit la implicacié de I'escorca cingulada anterior (ECA) en la
neurobiologia de la depressid. Els primers treballs realitzats amb SPECT van detectar
disminucions del flux sanguini cerebral en l'escor¢a cingulada anterior, tant en I'hemisferi
esquerre (60) com en el dret (61). Aquestes troballes es van confirmar posteriorment en els
estudis realitzats amb PET (62, 63) o RMf (64). L'ECA és una regié molt heterogenia, on es
poden distingir diferents subregions amb diferéncies histologiques i funcionals. Aquesta
heterogeneitat pot explicar I'existéncia d'algunes contradiccions entre els estudis. Per
exemple, la subregid de I'ECA dorsal esta relacionada amb funcions cognitives i atencionals i
tendeix a apareéixer funcionalment hipoactiva en els pacients depressius (61, 65). En canvi,
altres regions associades a la regulacié de diferents aspectes de la conducta emocional, com la
porcié situada per sota del genoll del cos callés (ECA subgeniculada) o la seva porcié anterior

(ECA pregeniculada), poden apareixen tant hipo com hiperactives (3, 66)

L’ECA subgeniculada (ECAsg) és I’escorca agranular situada en la porcié prelimbica de I'ECA i
es caracteritza per presentar extenses connexions amb estructures associades a I'expressié de
la resposta d'estrés, i a la resposta davant estimuls nocius o de recompensa. Les lesions
d'aquesta regidé provoquen respostes anomales davant d’experiéncies emocionals, pérdua
d'habilitat en I'expressié emocional i disminucid en la capacitat d'utilitzar informacié en
contextos de recompensa i castig en I'ambit social (67). L'alteracié en la funcié i I'estructura

d'aquesta regio sembla estar associada de forma especifica amb la depressié.
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Altres autors han descrit una reduccié de volum en I'ECAsg en pacients amb trastorn
depressiu major amb simptomes psicotics, disminucidé que no apareixia en un grup control de
pacients amb esquizofrénia (68). A més, s’ha vinculat els volum de I'ECAsg amb el tractament
antidepressiu, sent els resultats fins el dia d’avui parcialment contradictoris. Per una banda,
s’ha descrit un increment del volum de la substancia grisa en 'ECAsg després de dos anys de
tractament, i una resposta favorable al tractament amb liti s’ha relacionat amb una
recuperacio del volum de substancia grisa de 'ECAsg (69) i, d’altra banda, s’"han descrit volums
més petits en 'ECAsg en els pacients deprimits tractats amb antidepressius comparats amb
subjectes sans i amb pacients deprimits no tractats (70). Diferents estudis del grup de Drevets
han detectat una disminucié de I'activitat metabdlica de 'ECAsg en pacients depressius amb
historia familiar de trastorn depressiu (67, 71), i els treballs de neuroimatge funcional
realitzats en condicié de repos indiquen una tendéncia a I'augment de l'activitat (72-74) i
diferéncies en la connectivitat efectiva funcional en 'ECAsg en pacients deprimits (75). D'altra
banda, els estudis en pacients en fase depressiva aguda han trobat un increment del
metabolisme i I'activitat de I'ECAsg quan aquests sén comparats amb pacients depressius en
remissio simptomatica (76-79). Si ens centrem en els estudis de neuroimatge que es basen en
la valoracié de I'activitat cerebral durant la realitzacié de diferents tasques, tant cognitives
com emocionals, els autors han detectat increments patologics en |'activitat de 'ECAsg en

pacients amb trastorn depressiu major (80, 81).

Si ens referim a I'ECA pregeniculada (ECApg), aquesta presenta connexions reciproques amb
I'escorca cingulada anterior dorsal i subgeniculada i es considera diferenciada de les regions

corticals i paralimbiques veines per les seves caracteristiques citoarquitectoniques.
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L'estimulacid electrica d'aquesta zona produeix reaccions de por i angoixa en animals

d'experimentacio, i sensacié d'expectacio en |'ésser huma.

Diferents evidéncies suggereixen que l'activitat en l'escor¢a cingulada anterior pot estar
relacionada amb la resposta al tractament antidepressiu. Els resultats d’estudis de
neuroimatge que han avaluat subjectes depressius suggereixen que la hiperactivitat en repos i
un increment de I'activacié induida per tasques en l'escorca cingulada anterior pregenual i
subgenual sén predictors significatius de resposta a diverses intervencions antidepressives
com la farmacoterapia (81-87) (pero vegeu (88)), la privacié del son (89), I'estimulacio
magneética transcranial repetitiva (90) o la cingulotomia (91). Aquesta idea ha estat
confirmada en una metaanalisi recent (92). El nostre grup va detectar una disminucié de la
desactivacid d'aquesta regié en pacients depressius durant la percepcié de dolor i, a més, el
seu nivell d'activitat permetia predir la respostaal tractament i la seva normalitzacié

s'associava a la millora clinica (81).

En base a aquests resultats, els recents models neuroanatomics de depressié han plantejat un
paper central de les dues subregions de I'escorca cingulada anterior tant en I'etiopatogenia de
la depressid com en l'expressié de la simptomatologia depressiva (83, 93) i la resposta al
tractament. El factor que confirma de manera més contundent el paper d'aquestes regions en
la fisiopatologia de la depressid el constitueix la seva eleccid com a diana en el tractament
mitjancant estimulacid cerebral profunda. Diferents estudis demostren que I'estimulacid
bilateral de I'ECAsg presenta efectes antidepressius en formes altament refractaries de

depressié (94, 95).
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1.1.4. Canvis en l'estructura i la funcio de I'amigdala

L'amigdala és una estructura central del sistema limbic que constitueix un component
fonamental dels circuits de la regulacié de I'humor. La seva lesid o estimulacié indueix
diferents respostes emocionals, entre les quals podem incloure I'ansietat, la por, la disforia o
el record d'esdeveniments amb carrega emotiva. Els diferents estudis que han avaluat
I'estructura de I'amigdala en els pacients depressius aporten troballes contradictories. Mentre
que els estudis realitzats en pacients depressius refractaris a tractament i amb episodis
recurrents han determinat una asimetria del volum amigdalar global (53) i una reduccid
bilateral del nucli central de I'amigdala (96), els treballs portats a terme en primers episodis
depressius han observat tendéncies a l'increment del seu volum (97). La presencia d'un
augment de volum de I'amigdala podria explicar-se a partir de diferents factors. En primer
lloc, diversos estudis de neuroimatge funcional detecten un augment de |'activitat metabolica
i del flux sanguini a I"'amigdala en pacients depressius (98-100), que si persisteix de forma
continuada podrien induir canvis volumetrics. A més, altres estudis demostren un augment
del volum de I'amigdala en pacients bipolars i s'ha suggerit que els pacients amb un primer
episodi depressiu que puguin potencialment evolucionar cap a un trastorn bipolar podrien
presentar volums amigdalars augmentats i per tant podrien actuar com a confusors en un
estudi global de primers episodis depressius (101-103). D’altra banda, en pacients depressius
recurrents l'efecte de la medicacié prolongada o la progressié de la malaltia podr conduir a
una reduccié del volum amigdalar. L'activitat de I'amigdala s'ha associat en diferents estudis
amb la severitat de la depressio (98, 99), i alguns autors han proposat que pot ser un

marcador de tret en subtipus concrets de depressié, com la depressid unipolar amb historia
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familiar de patologia afectiva, ja que persisteix alterada un cop assolida la remissid clinica

(104).

Una caracteristica clinica que es descriu freqientment en els pacients amb depressid és la
seva tendeéncia a presentar un biaix atencional cap als estimuls emocionals, experiéncies o
records de valéncia negativa. Segons dades d’estudis neuropsicologics, els pacients amb
depressié recorden millor les paraules amb connotacié negativa que les paraules amb
valéncia positiva (105), fet que s'ha correlacionat amb I'augment del nivell d'activitat de
I'amigdala dreta (106). En un estudi mitjancant RMf es va detectar que la resposta de
I'amigdala a paraules negatives desapareixia després de 10 segons en els controls sans, pero
persistia en els pacients deprimits durant una mitjana de 25 segons (107). Diversos autors han
descrit que els pacients amb trastorn depressiu major presentaven una resposta més intensa
a lI'amigdala en resposta a expressions facials de por, tristesa i rabia emmascarades (108, 109)
i, @ més, aquesta resposta exagerada desapareixia després de 8 setmanes de tractament
antidepressiu amb sertralina (108). Aixi doncs, el biaix negatiu del processament emocional
gue caracteritza els pacients amb trastorn depressiu major pot ser revertit pel tractament
antidepressiu. Aquesta troballa ha rebut suport en estudis més recents (110) i de fet,
antidepressius com el citalopram (111), la reboxetina (112) i I'escitalopram (113) s'han
associat amb ['atenuacié de la resposta de l'amigdala a cares emocionals amb valéncia
negativa en individus sans. De la mateixa manera, s'ha demostrat que en pacients depressius
I'activitat de I'amigdala dreta i de I'hipocamp es normalitza després d’un tractament amb
terapia cognitiva-conductual (114). L'impacte positiu del tractament antidepressiu sobre la

reactivitat de I'amigdala planteja la qliestié de si els biaixos en el processament emocional
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associats al trastorn depressiu major apareixen només en la fase aguda de la depressid o sén
un tret permanent. En realitat, ara com ara, no hi ha dades suficients per confirmar si aquesta
alteracié en la resposta emocional és un tret de vulnerabilitat per a la depressido o bé és
conseqliencia de I'estat depressiu. Fins al moment un nombre limitat d'estudis han examinat
aquest aspecte en els anomenats subjectes d'alt risc, que sén aquells que presenten
caracteristiques genetiques o temperamentals que s’han considerat factors de risc per
desenvolupar un episodi depressiu. En un estudi els fills descendents de pares amb trastorn
depressiu major es va determinar una major resposta de I'amigdala a les cares que mostraven
expressid de por (115). Un altre estudi en subjectes amb una alta puntuacid en I'evitacié del
dany, tret de personalitat considerat com a factor de risc per a la depressié, van mostrar una
reduccid en la connectivitat, funcional i estructural, entre I'amigdala i I'escorca cingulada
anterior durant el processament d'emocions facials (116). A més, en un estudi es va
demostrar I'existéncia d'una correlacid entre I'activitat de I'amigdala baso-lateral en resposta
a les cares amb expressié de por i els trets d'ansietat en voluntaris sans (117). Resultats
analegs han estat referits per altres grups independents (118-120). Aquests estudis
suggereixen que un estres ja sigui farmacologic o ambiental en persones d'alt risc pot actuar
com a precipitant de quadres depressius. No obstant aixd, no hi ha dades contundents que de

forma definitiva determinin la naturalesa d'aquesta alteracié.

1.1.5. Alteracions en l’estructura i la funcid de l'insula

L'insula es divideix en dues subregions amb diferent citoarquitectura i funcions: la postero-

dorsal i I'antero-ventral. Mesulam i Mufson (121, 122) proposen que l'insula postero-dorsal
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granular esta especialitzada en funcions auditives i somestesiques esqueletomotores, i forma
part de les vies d'interaccid somestesico-limbiques. En contrast, refereixen que l'insula
agranular antero-ventral, connectada densament amb ['amigdala i amb regions agranulars de
les escorces temporo-polar i orbito-frontal lateral, esta especialitzada en respostes
autonomiques i sensacions viscerals. El paper en la regulacié de I'estat d'anim de I'insula s'ha
descrit en diferents estudis de neuroimatge funcional, que assenyalen un augment de
I'activitat tant en resposta a la induccid experimental de la tristesa, com en la depressid clinica

(76).

En conjunt amb altres estructures incloses en el sistema limbic i paralimbic com I'amigdala o
I'escorca cingulada anterior, s'ha proposat que l'insula participa en la identificacié del
significat emocional dels estimuls, en la produccid dels estats afectius, i en la regulacié de la
resposta autondmica. En els pacients depressius s'assenyalen amb freqliéncia alteracions en la
resposta interoceptiva, incloses les modificacions en la nocicepcié (123), consciéncia
interoceptiva (124) i la percepcié corporal (125), aixi com la sobreexpressié de queixes
somatiques (126), les quals sén especialment prominents en la depressi6 amb malenconia
(127). En un estudi realitzat pel nostre grup en pacients amb depressié malenconiosa es va
objectivar un augment dels espais subaracnoidals de la regid silviana esquerra, regié que es
correspon topograficament amb lI'insula esquerra (128). A més, el grau d’engrandiment
d'aquests espais peri-insulars predeia el temps fins a la remissié de la simptomatologia
depressiva (129). En linia amb aquestes troballes, estudis recents han observat reduccions de
substancia gris a l'insula anterior, fet que correlaciona inversament amb la duracié de la

malaltia i amb la severitat de la clinica depressiva (130, 131).
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1.1.6. Alteracions en el sistema estriat i el circuit de recompensa

Diferents estudis han avaluat la preséncia d'alteracions estructurals en regions de I'estriat en
la depressidé unipolar. El grup de Krishnan (132-134) va realitzar una serie de treballs a partir
d'una mostra de pacients amb depressio senil, descrivint una reduccié del volum del putamen
i d'ambdds nuclis caudats. Aquestes alteracions no es van replicar inicialment en mostres de
pacients depressius de mitjana edat (135, 136) ni en mostres de pacients bipolars (137, 138),
pero en els darrers anys, treballs realitzats estudiant de forma global el volum cerebral, han
determinat una disminucié del caudat i del putamen en mostres de depressius unipolars no
geriatrics (139). En quant als estudis realitzats amb neuroimatge funcional, s’ha descrit una
hiperperfusié al nucli putamen esquerre en pacients depressius resistents (140) i una
disminucié del metabolisme basal al putamen bilateral vinculat a la remissid simptomatica
(141). A més, s’ha definit una correlacid negativa entre la preséncia d’ideacié autolitica i

I’activacié del putamen esquerre en una mostra de depressius bipolar tipus Il (142).

L’anhedodnia, definida com una motivacié disminuida per obtenir plaer i una resposta reduida
a les activitats que ocasionen plaer, és una de les caracteristiques fonamentals dels pacients
depressius i constitueix un dels simptomes centrals de la depressié amb malenconia (143). Al
centrar-nos en les bases neurals de I'anhedonia es podria suggerir que en la depressid existiria
una alteracié del processament de la informacid de valéncia positiva per part dels sistemes
cerebrals de recompensa. En aquesta linia, diferents estudis que avaluen la implicacié de
I'estriat ventral, regid inclosa en els ganglis basals i que exerceix un paper central en el sistema

de recompensa, apunten cap a l'existencia d'alteracions de la seva funcié en els pacients amb
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depressié major. Recents estudis amb RMf han detectat reduccions en I'activitat de I'estriat
ventral en el trastorn depressiu major davant la percepcid d'expressions facials de felicitat
(144) o de paraules amb significat positiu (145). Aquestes activacions, a més, es correlacionen
inversament amb I'anhedonia (145). En un estudi realitzat mitjancant RMf en pacients
depressius comparats amb controls sans utilitzant una tasca de joc, es va determinar que en el
cas dels controls rebre informacié sobre guanys estava associat a un increment de I’activitat
en l'estriat ventral i a una disminucidé en el temps de reaccid, mentre que rebre informacié
sobre perdues es vinculava a un increment en I'activitat del cingol anterior i a un augment del
temps de reaccid. En el cas dels pacients depressius tots aquests efectes es van mostrar
atenuats, fet que correlacionava amb la intensitat de I'anhedonia (146). Aquestes dades
orienten cap a l'existéencia d’una alteracid dels sistemes de recompensa en els pacients amb
depressid, fet que estaria associat a I'anhedonia. Es interessant destacar que aquestes
alteracions en el sistema de recompensa també apareixen en subjectes sans en risc de patir

depressié (115).

1.1.7. Escorca prefrontal dorso-lateral i funcié cognitiva

Una de les troballes més replicades als estudis inicials de neuroimatge funcional realitzats en
pacients depressius va ser la disminucié del metabolisme basal o el flux sanguini cerebral de
I'escorca prefrontal dorso-lateral (EPFDL) (61, 147). Aquesta alteracié presentava una
distribucié bilateral o es trobava lateralitzada en I'hemisferi esquerre (148-150). En general,
els diferents estudis suggereixen una normalitzacid de l'activitat d'aquesta regié en resposta

als tractaments clinicament efectius. Malgrat que I'EPFDL es considera una regid
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especialitzada en diferents funcions cognitives, sembla evident que juga un paper rellevant en
la regulacid de l'estat d'anim, i de fet és una regid utilitzada com a diana per I'estimulacid
magnetica transcranial repetitiva, que s’ha proposat com a tractament adjuvant en pacients

amb depressions resistents.

Si ens centrem en els aspectes cognitius vinculats a I'EPFDL, els estudis mitjancant tecniques
de neuroimatge funcional i els estudis de lesions en humans han situat a I'EPFDL els
anomenats processos executius. El terme es refereix a un conjunt de processos superiors
implicats en I'organitzacio flexible de la conducta, la memoria de treball, la planificacid i la
inhibicié de resposta. Els estudis d'imatge funcional han indicat la preséncia d’'una
desregulacié a 'EPFDL en els pacients deprimits durant la realitzacié de tasques executives.
Als estudis on els pacients amb trastorn depressiu van mostrar un rendiment alterat en relacio
amb els controls, per exemple en les proves de la planificacié (151) o de fluidesa verbal (152),
es va detectar una atenuacié de I'activacid prefrontal en el grup de pacients. No obstant aixo,
als estudis que no han detectat diferencies de rendiment entre els pacients i els controls han
observat que l'extensié de l'activacid prefrontal pot ser major en els pacients depressius
durant la realitzaciéo de determinades proves com la memoria de treball (153), operacions
aritmetiques (154), o la tasca de Stroop (155). Aquestes aparents inconsisténcies poden estar
relacionades amb diferéncies en les caracteristiques cliniques dels pacients o de les tasques
emprades, perd una explicacid alternativa és que l'augment d'activitat estes reflectint una
disminucioé de I'eficiéncia cortical en la depressio, és a dir, que els pacients deprimits podrien
necessitar un major grau d'activacié del Idbul frontal per mantenir el mateix nivell de

rendiment que els individus sans durant la realitzacié d’una determinada tasca.
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1.1.8. Escorca orbito-frontal i disrupcié de la connectivitat fronto-limbica

De les alteracions descrites en els models neuroanatdmics de la depressid es pot derivar que
existeix una péerdua de |'efecte regulador de les regions dorsals neocorticals sobre regions de
localitzacié ventral i de naturalesa limbica. Aquesta perdua de la capacitat reguladora que
I'escorca prefrontal exerciria sobre diferents regions limbiques conduiria a les alteracions
emocionals, conductuals, cognitives i també als canvis neuroendocrins caracteristics de la

malaltia depressiva (3).

L'escorca orbito-frontal (EOF) constitueix un element fonamental en els circuits cerebrals que
regulen les emocions i la resposta a la recompensa. En aquesta linia, les lesions a I’ EOF s’han
relacionat amb canvis importants en les emocions, la personalitat, el comportament i la
conducta social, aixi com amb déficits rellevants d’anticipacié de les consequiéncies de les
accions desenvolupades (156). Si ens centrem en el sistema de connexions de I’ EOF amb la
resta d’estructures cerebrals, es pot diferenciar una xarxa medial i una orbital. La xarxa orbital
inclou connexions amb el sistema limbic i juga un paper fonamental en la integracié d’estimuls
visuals, somatosensorials i viscerals, mentre que la xarxa medial és I'origen de projeccions a
I'hipotalem i el tronc cerebral. Donat que l'alteracié de la funcid integradora de la xarxa
orbital s’ha relacionat amb trastorns del son o de I'habit alimentari i amb alteracions de
I’'humor i visceromotores, es podria especular que en la depressid existiria un deéficit a aquest
nivell (157). En concordanca amb aquestes dades, en pacients depressius s’ha descrit una
disminucié de volum a I'EOF (158), la qual s’ha relacionat amb la severitat de la clinica

depressiva (139, 159) i amb alteracions en I'activitat de I'EOF tant en situacié de repds com

38



durant la realitzacié de tasques cognitives i emocionals (156, 160) . A més, alguns autors han
vinculat la resposta a tractament antidepressiu amb la normalitzacié de I'activitat regional a

I'EOF (88, 95, 161, 162).

D’altra banda, diversos estudis han descrit una reduccié de la connectivitat funcional fronto-
limbica en pacients depressius. Aixi, Anand et al. van informar d'una disminucié de la
correlacié entre l'activitat de I'ECA i I'amigdala, que es revertia després de 6 setmanes de
tractament amb sertralina (163, 164). De la mateixa manera, en un estudi independent es va
descriure que la connectivitat funcional reduida entre I'escorca prefrontal ventro-medial amb
I'amigdala durant l'exposicidé a les cares tristes, millorava després de 8 setmanes de
tractament amb fluoxetina (110). En un altre treball, els pacients amb depressié van mostrar
una major activacid de |'amigdala en resposta a les paraules amb valéncia afectiva
conjuntament amb una reduccié de l'activitat de I'escorca prefrontal dorso-lateral (CPFDL)
esquerra durant una tasca de memoria operativa (165). A més, l'associacié temporal entre
I'activitat de I'EPFDL i la de I'amigdala estava reduida en la mostra de trastorn depressiu
major. Aquestes dades sén consistents amb els resultats d'un estudi previ del mateix grup que
mostrava una correlacié inversa entre l|'activacié de I'amigdala i I'EPFDL en resposta a la
presentacié de paraules amb valéncia negativa (107). Més recentment, un estudi va mostrar
una reduccié de la connectivitat funcional en persones amb trastorn depressiu major (166)
entre |'activitat de I'amigdala i la de tres regions de I'escorca prefrontal: I'EPFDL, I'ECA dorsal, i
I'escorca prefrontal ventro-lateral (EPFVL). S'ha descrit una alteracid en lI'activacid i
connectivitat que involucrava a I'EPFVL i que mostrava una relacié inversa amb I'activacio de

I'amigdala en els controls sans, perd s’ha vist I'efecte contrari en casos de trastorn depressiu
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major (167). Un estudi independent va informar sobre un increment de l'activitat de
I'amigdala durant el processament de cares emocionals en un grup de pacients depressius i en
subjectes sans, pero els pacients amb depressid major també van mostrar una major co-
activacié de l'escorca cingulada subgenual i una menor co-activacid de l'escorca cingulada

supragenual (168).

En resum, les dades existents suggereixen que existeix una dissociacié funcional dins dels
circuits neuronals que connecten les zones de |'escorca prefrontal i I'amigdala i que estan
involucrats en el control cognitiu de les emocions en el trastorn depressiu major. Aquests
circuits inclouen diferents subregions de I'escorca prefrontal, que comprenen les subregions

dorso-medial, ventro-medial i dorso-lateral.

1.2. ALTRES REGIONS RELACIONADES AMB EL TRASTORN DEPRESSIU MAJOR

Existeixen altres arees que s’han vinculat a la depressid perd que no constitueixen fenotips de
neuroimatge consistents. Entre aquestes arees caldria destacar el tronc de I'encéfal, el
cerebel, el 10bul temporal i el talem. En 'ESQUEMA 2 es pot observar un resum d’aquestes

arees cerebrals que s’han relacionat amb al trastorn depressiu.
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ESQUEMA 2: Arees cerebrals que s’han relacionat amb la depressio

TC: Tronc cerebral, CE: Cerebel, LT: Lobul temporal, TA: Talem.

1.2.1. Tronc de I’enceéfal

El tronc de l'encefal és una regid crucial en el manteniment de I'excitabilitat cerebral
(arousal), de les funcions vitals i en la neurotransmissi® monoaminérgica. Aquesta
funcionalitat és en part possible gracies a les fibres del sistema reticular ascendent (SRA) i als
nuclis com la substancia negra o els nuclis del rafe, els quals presenten un ampli ventall de
connexions amb la resta de I'encéfal, destacant les connexions amb I'escorca cerebral, el

cerebel, el talem i els nuclis estriats.
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En pacients depressius s’han descrit alteracions estructurals al tronc de I'encefal com la
reduccid del temps de relaxacio T2 (169), la reduccié de I'’ecogenicitat dels nuclis del rafe
(170), i 'augment del valor de difusié promig (171). Més recentment s’ha descrit també una
reduccid en la concentracié de substancia gris als nuclis del rafe dorsal (130). Pel que fa als
estudis amb neuroimatge funcional, s’ha descrit una correlacié entre [|'activitat a Ia
protuberancia i la severitat de la depressié (172). L’existéncia de diferencies en la metodologia
emprada i en les mesures realitzades fa dificil una interpretacié d’aquests resultats de forma
global, perd és probable que estiguin reflectint I'existencia d’anomalies estructurals i

funcionals relacionades amb els correlats neurals de la depressid i la seva fisiopatologia.

1.2.2. Cerebel

Durant molt temps el cerebel no havia estat inclos en els models neurobiologics de les
malalties mentals, pero en els Ultims anys han anat apareixent evidencies que orienten cap un
probable paper rellevant del cerebel en la depressid, sobretot degut a les nombroses
connexions anatomiques i funcionals amb I'escorca prefrontal, les estructures limbiques

subcorticals i els nuclis productors de monoamines del tronc de I'enceéfal.

Els estudis realitzats amb ressonancia estructural en pacients depressius han descrit una
reduccio del volum cerebelar global, una disminucié en la densitat i la concentracié de
substancia grisa al cerebel esquerre i al lobul cerebelar central, respectivament (130, 173,
174). Pel que fa als estudis funcionals, en pacients deprimits s’ha descrit una hiperactivitat

cerebelar basal (175, 176) i un increment de l'activitat davant tasques que impliquen
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recompensa (177). D’altra banda, s’ha observat una tendéncia a la hipoactivitat del cerebel
davant la induccié de tristesa (64, 178) seguida d’una reduccié del metabolisme un cop

assolida la remissié simptomatica (141).

1.2.3. Lobul temporal

Un grup consistent d’estudis determinen que no existeixen diferéencies significatives en el
volum temporal global en pacients depressius quan es comparen amb controls sans (52, 179-
181), pero sorprenentment, un estudi recent (182), descriu una reduccid bilateral del volum
del lobul temporal en un grup de subjectes deprimits. Aquesta aparent contradiccié podria
estar relacionada amb la seleccié de la mostra, ja qué aquest darrer estudi es va realitzar en
un grup particularment sever de pacients ingressats a una unitat d’aguts en el moment de la
RM, mentre que la resta d’estudis han estudiat pacients ambulatoris o en remissid

simptomatica.

Si ens referim a estructures més especifiques com el gir temporal superior (GTS), les dades
dels estudis sén també divergents. Aixi, mentre alguns autors descriuen una reduccié de
volum al GTS (52, 130, 171), altres no hi troben diferéncies significatives (183). Donat que la
disminucio de volum del GTS correlaciona amb la durada de la malaltia i el nombre de
recurrencies (52, 181), els resultats podrien ser contradictoris en funcid de les caracteristiques
de la mostra seleccionada. En aquest sentit, un estudi recent de caire longitudinal realitzat

amb una mostra d’adults sans de més de 56 anys ha determinat que la pérdua del volum de
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substancia gris al I16bul temporal estaria relacionada amb la preséncia de clinica depressiva

subclinica (184).

1.2.4. Talem

El talem és una estructura fonamental pel correcte funcionament cerebral, sent part
important en I'analisi i la integracié de les funcions sensitives, el control de motor, la
percepcid del dolor i la temperatura, i participant en la regulacié de funcions més complexes
com els processos executius o les emocions. Aquesta multiplicitat de funcions és possible
gracies a I'estructura altament parcel-lada del talem i a 'ampli ventall de connexions cortico-
talamiques, talamo-corticals i espino-talamiques. En els pacients depressius s’han descrit
reduccions en la concentracié de substancia gris talamica (130), i entre els estudis funcionals
cal destacar la correlacié amb variables cliniques. En aquest sentit s’ha descrit una relacié
directa entre I'activitat al talem esquerre i la severitat de la clinica depressiva (142), aixi com

una relacié entre la reduccié de I'activitat funcional i la remissié simptomatica (141).
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1.3. NEUROIMATGE | DEPRESSIO: TRASLACIO DELS FENOTIPS DE NEUROIMATGE A

ASPECTES CLIiNICS, EVOLUTIUS | DE RESPOSTA A TRACTAMENT

1.3.1. Aspectes clinics

El trastorn depressiu major és un trastorn francament heterogeni, fet que ha comportat que
en ocasions els estudis realitzats hagin aportat resultats contradictoris. Per aquesta raé en els
darrers anys s’ha anat perfilant la idea dels fenotips de neuroimatge, un dels objectius dels
guals és relacionar les troballes neuroanatdomiques amb grups concrets de pacients. Aixi doncs
és molt important seleccionar mostres de pacients el més homogenies possibles des del punt
de vista clinic per d’aquesta manera perfilar fenotips molt més ajustats. En aquest sentit, és
especialment interessant I'estudi de mostres de pacients depressid6 malenconiosa i de
pacients amb depressions que apareixen en el context d’altres trastorns mentals com el

trastorn obsessiu-compulsiu.

La malenconia és un subtipus depressiu caracteritzat per un conjunt simptomatic ben definit
entre el que destacaria la tristesa vital, I'anhedodnia, la manca de reactivitat, el retard
psicomotor i les alteracions cronobioldgiques com la millora vespertina i el despertar precog
(185). Els estudis de neuroimatge realitzats amb mostres de pacients amb depressio
malenconiosa han descrit reduccions de volum a I'hipocamp (186) i increment de liquid
cefaloraquidi a I'espai que correspon a la cissura Silviana esquerra (128). Probablement, la

realitzacié d’estudis que englobin tot el volum cerebral i no només restringits a arees d’interés
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ens permetria aprofundir en el coneixement dels fenotips de neuroimatge d’aquest subtipus

depressiu.

Si ens centrem en la depressié que apareix durant el curs d’un trastorn obsessiu-compulsiu
(TOC), és important referir que la prevalenca de simptomatologia depressiva en el TOC arriba
a les 2/3 parts de tots els pacients (187) i que la preséncia d’aquesta comorbiditat no és en
absolut gratuita, sind que s’associa a cronicitat i a menor resposta al tractament (188). Els
mecanismes fisiopatologics subjacents a la depressié comorbida al TOC no han estat ben
descrits, perd és possible que alguns d’aguests mecanismes siguin comuns a ambdds
trastorns. En aquest sentit, en un estudi molt inicial, Baxter i col-laboradors (150) van
descriure una disminucié del metabolisme a I'/EPFDL que era comu a la depressio unipolar, la
bipolar i el TOC. Posteriorment, un treball comparatiu entre 3 grups de pacients, trastorn
depressiu major pur (TDM), TOC amb TDM concurrent i TOC pur, va descriure una reduccio
del metabolisme de I’hipocamp que era comu als pacients amb TDM i als TOC+TDM, pero que
no s’observava en els TOCs sense depressid. Igualment, els subjectes amb TOC pur i TDM pur
presentaven de forma significativa hipermetabolisme a talem, fet que no s’objectivava als
pacients amb TOC+TDM (189). D’aquestes dades es pot concloure que existeixen un conjunt
d’alteracions neuroanatomiques comuns entre els trastorns i d’altres més especifiques que

podrien delimitar fenotips de neuroimatge.
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1.3.2. Aspectes evolutius

Un dels aspectes fonamentals a I'hora d’establir fenotips de neuroimatge és que aquests
corresponguin a alguna caracteristica concreta del trastorn que ens ocupa. Entre aquestes
caracteristiques concretes caldria destacar les relacionades amb el curs evolutiu de la malaltia,
com la cronicitat o el nimero de recurréncies. Per poder determinar la influencia de
I’evolucié de la malaltia en els canvis neuroestructurals o neurofuncionals és util la realitzacié
d’estudis longitudinals, és a dir, de seguiment evolutiu. Fins a la data actual s’han realitzat
alguns estudis de seguiment de mostres de pacients depressius que mesuren, a part de
variables cliniques, variables de neuroimatge. Resumint les troballes publicades en
seguiments de 2-3 anys, aquells pacients que a l'episodi index tenien un menor volum de
I’'hipocamp, presentaven una pitjor evolucid, un major nimero de recurrencies, i una major
tendéncia a la cronicitat (55, 57, 190). Si ens centrem en els canvis longitudinals, un estudi
realitzat en una mostra de 38 pacients deprimits severs, va determinar que al cap de 3 anys de
seguiment els pacients deprimits presentaven una major pérdua de substancia gris a
I'hipocamp, l'escorca cingulada anterior, I'amigdala esquerra i |'escor¢ca dorso-medial
prefrontal dreta quan se’ls comparava amb una mostra de controls sans (56). En quant a
I’evolucié de la substancia blanca, un treball de seguiment a 4 anys (191) va descriure que la
progressiod de les lesions de substancia blanca subcorticals d’un grup de pacients deprimits no
era diferent que la d’'un grup de controls sans. Probablement el pas seglient seria realitzar
estudis globals del cervell que incloguin la substancia gris, la substancia blanca i el liquid

cefaloraquidi i que considerin I'evolucié a més llarg termini.
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1.3.3. Aspectes de resposta a tractament

D'acord amb l'estudi STAR-D (Sequenced Treatment Alternatives to Relieve Depression), la
taxa de remissié acumulada en la depressid major és d'aproximadament el 67% després de
guatre intervencions de tractament que inclouen estrategies com el canvi de tractament i la
potenciacié (192). Per tant, una resposta parcial i/o la manca de resposta als farmacs
antidepressius és un problema comu, que afecta a una tercera part dels pacients deprimits.
L'existencia de marcadors biologics de resposta al tractament ens ajudaria a saber a priori
guins pacients tindrien més probabilitats de respondre a un o altre tractament i amb el temps
ens podria ajudar a optimitzar les estratégies de tractament, permetent-nos escollir el
tractament més adequat per a cada grup de subjectes. Uns dels marcadors més estudiats sén
els derivats de les troballes de neuroimatge, que es podrien incloure doncs com a fenotips de
neuroimatge vinculats a una caracteristica concreta, que en aquest cas seria la resposta, o la

manca de resposta, al tractament.

En el moment actual, I'escorga cingulada anterior (ECA) és I’estructura que més s’ha vinculat a
la resposta al tractament antidepressiu, ja sigui farmacologic, psicoterapeutic o vinculat a
terapies fisiques (veure l'apartat 1.1.3), pero d’altres estructures implicades en la
fisiopatologia de la depressié també hi poden jugar un paper important. De fet, també s’han
relacionat amb la resposta al tractament I'espai peri-insular (129), el mesencéfal (193), les
escorces prefrontals ventro-medial i dorso-lateral (81, 194), I'opercle parietal dret, el gir

fusiforme (195), I’hipocamp (55), 'amigdala (196) o els ganglis basals (197).
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La identificacid de marcadors bioldgics de la resposta al tractament pot ser d'especial interés
pels aquells tractaments adjuvants, com ara I'estimulacié magnética transcranial repetitiva
(EMTr), on I'eficacia s'espera que sigui major en alguns subgrups de subjectes (198, 199). En el

QUADRE 3 s’exposa un breu resum de la utilitzacié de 'EMTr en el tractament de la depressio.

QUADRE 3: EMTr i depressio

L’any 1985, Barker et al. (200) van introduir I'EMT
com una técnica que permetia I'estimulacio directa,
focal i no invasiva de I'escor¢a cerebral en pacients
ambulatoris i sense precisar anestéesia. Els primers
estudis van caracteritzar 'EMT com una poderosa
eina per examinar les relacions cervell-conducta i de
forma progressiva s’ha anat perfilant com una
estratégia terapéutica adjuvant en diversos
trastorns psiquiatrics. La major part de les
investigacions realitzades en la darrera década
sobre el paper terapéutic de ’'EMT s’han centrat en
I'estimulacié  repetitiva  (EMTr) de [I’escor¢a
prefrontal en pacients depressius. Les dades
obtingudes d’aquesta recerca suggereixen que
I'aplicacio diaria d’EMTr a I’escor¢a prefontal dorso-
lateral (EPFDL, veure FIGURA 4) durant diverses
setmanes (generalment durant dues o tres
setmanes) té efectes antidepressius (201), pero
FIGURA 4: Estimulacio de 'EPFDL resta pendent determinar els predictors de resposta
clinica, delimitar quins son els parametres
d’aplicacio més adequats per a cada grup de
pacients, i definir quina és la millor manera de
localitzar el punt idoni d’estimulacio.
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2. HIPOTESIS DE TREBALL

2.1. HIPOTESI CONCEPTUAL

Els pacients amb Trastorn Depressiu Major (TDM) manifesten alteracions neuroanatomiques i

neurofuncionals relacionades amb la clinica, I'evolucié i la resposta a tractament

2.2. HIPOTESIS OPERATIVES

1. Els pacients en els quals el Trastorn Depressiu Major (TDM) apareix com a manifestacié
clinica comorbida a d’altres trastorns psiquiatrics, com el trastorn obsessiu-compulsiu

(TOC), presenten unes alteracions neuroanatomiques caracteristiques.

2. Els pacients amb TDM amb malenconia manifesten unes alteracions neuroanatdomiques
caracteristiques relacionades amb aspectes clinics i d'evolucié de la malaltia i de resposta

al tractament.

3. Els pacients amb TDM amb malenconia presenten alteracions neuroanatdomiques

caracteristiques vinculades al curs de la malaltia al llarg del temps.

4. Els pacients amb TDM presenten una estructura i una funcié cerebral caracteristiques que
actuen com a predictors de resposta a terapies fisiques com l'estimulacié magneética

transcranial repetitiva (EMTr)
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3. OBJECTIUS | RESULTATS

3.1. OBJECTIU PRINCIPAL

Estudiar quins factors anatomics i de funcid cerebral estan relacionats amb la clinica,

I'evolucid i la resposta al tractament en el trastorn depressiu major (TDM).
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3.2. ESTUDI 1: OBJECTIUS | RESULTATS

3.2.1. Objectius

Estudiar quins factors neuroestructurals estan relacionats amb el TDM quan apareix de forma

comorbida a d’altres trastorns psiquiatrics, com el trastorn obsessiu-compulsiu (TOC).

3.2.2. Resultats

3.2.2.1. Els pacients amb trastorn obsessiu-compulsiu (TOC) que presenten o han
presentat un trastorn depressiu major (TDM) mostren una major reduccié del volum

de substancia grisa a l'escorga orbito-frontal medial (mEOF).

3.2.2.2. Els pacients amb TOC+TDM i els pacients amb TOC sense TDM mostrem
patrons diferencials de correlacions entre el volum de substancia grisa del mEOF i el
d'altres arees cerebrals. Aixi, el patré de correlacions del mEOF dels pacients amb
TOC+TDM inclou el gir frontal medial, I'insula dreta i I'amigdala dreta, mentre que el

dels pacients amb TOC pur involucra Unicament I'escorc¢a cingulada anterior rostral.
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3.2.3. Publicacid

N Cardoner, C Soriano-Mas, J Pujol, P Alonso, B Harrison, J Deus, R Hernandez-Ribas, JM
Menchon, J Vallejo. Brain structural correlates of depressive comorbidity in obsessive-
compulsive disorder. Neuroimage 2007; 38: 413-421

Factor d'impacte = 5,937.

JCR 2010 = 1r quartil, 1r decil, nimero 1/14 (Neuroimatge).
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The high comorbidity of obsessive—compulsive disorder (OCD) with
major depressive disorder (MDD) suggests common neurobiological
substrates. We assessed the contribution of lifetime MDD to brain
structural alterations in OCD using magnetic resonance imaging. OCD
patients with (n=33) or without (»=39) lifetime MDD, and 72 control
subjects were assessed. Comparative region of interest (ROI) analyses
assessed the contribution of lifetime MDD to gray matter volume
alterations in OCD patients. Interregional correlations of gray matter
volume were also examined and voxelwise analyses were performed to
identify alterations in other brain regions. OCD patients with lifetime
MDD showed a larger reduction of medial orbitofrontal cortex
(mOFC) gray matter volume. Both OCD groups showed distinct
correlations of mOFC gray matter volume with other relevant brain
regions. For patients with MDD, this involved the medial frontal gyrus,
and right insula and amygdala regions, whereas for those OCD
patients without MDD, the rostral anterior cingulate cortex was
involved. Our findings support existing evidence suggesting a non-
specific involvement of mOFC alterations in a range of neuropsychia-
tric disorders. Nevertheless, volume reduction in this region, together
with an abnormal pattern of interregional correlations with other
emotion-relevant brain areas, may contribute to explain the diathesis
for MDD comorbidity in OCD.

© 2007 Elsevier Inc. All rights reserved.

Introduction

The prevalence of depressive symptoms in patients with
obsessive—compulsive disorder (OCD) has been estimated in one
to two thirds of all cases (Pigott et al., 1994) and, consequently,
major depressive disorder (MDD) is often considered to be the
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major psychiatric comorbidity in OCD (Rasmussen and FEisen,
1992). Although such a high-rate of comorbidity in OCD has been
linked to known clinical factors such as greater age, the severity
and chronicity of OC symptoms or poor treatment response and
outcome (Perugi et al., 1997), very little is currently known as to
the underlying pathophysiological mechanisms of depressive
episodes suffered by OCD patients.

From a neurobiological perspective, one obvious question
regarding the depressive comorbidity of OCD patients is whether
it may share similar pathophysiological features to that
implicated in MDD alone (Saxena et al., 2001). Although
existing data are limited, early work using positron emission
tomography (PET) suggested that there might be certain
pathophysiological correlates common to unipolar depression,
bipolar depression and OCD patients with comorbid MDD
(Baxter et al., 1989). Specifically, Baxter and colleagues reported
a generalized reduction in the resting-state metabolism of the
dorsolateral prefrontal cortex. More recently, this group has
reported a pattern of reduced metabolic activity in the left
hippocampal region common to MDD patients and patients with
concurrent OCD and MDD, but not OCD patients alone (Saxena
et al., 2001). Thus, such findings suggest that there may be some
common pathophysiological alterations associated with depres-
sive susceptibility in these subgroups, irrespective of patients’
primary clinical diagnoses.

In a recent magnetic resonance imaging (MRI) study carried out
by our group, we characterized a pattern of brain structural
alterations in a large series of OCD patients involving significant
reductions of gray matter volume in the medial frontal gyrus
(MdFG), the medial orbitofrontal cortex (mOFC) and the left insulo-
opercular region, together with relative volume increases in the
ventral striatum and anterior cerebellum (Pujol et al., 2004). In this
particular study, no relationship was found between brain alterations
in OCD patients and the severity of depressive symptomatology at
the time of scanning, assessed by total Hamilton Depression Rating
Scale score (HAM-D) (Hamilton, 1960), although we did not
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specifically study the association between patients’ history of
lifetime depression and brain volumetric measurements.

Current epidemiological and clinical evidence suggests that
OCD and MDD appear to co-occur in three major comorbidity
patterns: (i) where OCD occurs first; (i) where there is a
concurrent onset of both OC and MDD symptoms; and (iii) where
depression precedes the onset of OC symptoms (Demal et al.,
1993). Thus, it is possible that our previous assessment of OCD
patients’ depressive symptom severity using HAM-D scores may
have failed to represent the actual incidence of MDD comorbidity.
Therefore, in the current study, we conducted a region-of-interest
(ROI) analysis to test the extent to which lifetime history of MDD
may contribute to the previously described structural alterations in
OCD (Pujol et al., 2004). We also extended our assessment by
performing exploratory voxelwise analyses to investigate a
possible association of MDD comorbidity with alterations in other
brain areas and networks outside these regions.

Methods
Subjects

Seventy-two patients with OCD (32 women; mean+SD age of
29.8+10.5 years; range 18-60 years) and 72 control subjects (32
women, 30.1+£10.2 years, range 18—57 years), corresponding to
the sample previously described (Pujol et al., 2004), were assessed
in this study. Patients and control subjects were equivalent in the
demographic variables of age, sex, and handedness (11 left-handed
subjects per group) assessed by the Edinburgh Handedness
Inventory (Oldfield, 1971; see Table 1).

The OCD group consisted of community outpatients con-
secutively recruited to our research program according to DSM-
IV criteria for OCD and the absence of relevant medical,
neurological and other major psychiatric diseases. Comorbid
anxious and depressive symptoms were not considered as an
exclusion criterion, provided that OCD was the principal clinical
diagnosis (i.e., the main reason, at time of inclusion, to seek
medical assistance). No patient met criteria for Tourette’s
syndrome or showed psychoactive drug abuse during a period
of 12 months or longer. Patient diagnosis was independently
confirmed by two senior psychiatrists using the Structured
Clinical Interview for DSM-IV Axis [ Disorders (SCID-I)
Clinician Version (First et al., 1997). Control subjects of similar
sociodemographic background also underwent a detailed assess-
ment of their family and medical history and a structured
psychiatric interview to exclude psychiatric disorders using the
guidelines of Shtasel et al. (1991).

Patient OC symptomatology at the time of scanning was rated
using the Yale-Brown Obsessive—Compulsive Scale (YBOCS) and
a clinician-rated YBOCS symptom checklist (Goodman et al.,
1989). Lifetime depressive symptoms were also determined with
the SCID-I Clinical Version (First et al., 1997). Twenty-six patients
showed past history of major depressive disorder (MDD), and in
nine of them MDD preceded the onset of OCD. In addition, seven
OCD patients without a significant past history of MDD fulfilled
criteria for a major depressive episode at the time of scanning. A
total of 33 OCD patients were considered in the OCD with MDD
group and 39 OCD patients without lifetime MDD were included
in the OCD without MDD group (OCD alone). After complete
description of the study to the subjects, written informed consent
was obtained.

MRI acquisition and processing

A 60-slice 3-D spoiled gradient-recalled T1-weighted MRI was
acquired for each subject in the sagittal plane using a 1.5-Tesla
scanner (Signa, GE Medical Systems, Milwaukee, WI). Acquisi-
tion parameters were: TR 40 ms, TE 4 ms, pulse angle 30°, field of
view 26 cm, matrix size 256 %192 pixels, and section thickness
between 2.4 and 2.6 mm. Total acquisition time was 8 min and
13 s. Post-acquisition data were transferred to a Microsoft
Windows platform running MATLAB version 6.5 (The Math-
Works Inc, Natick, MA) and Statistical Parametric Mapping
software (SPM99; The Wellcome Department of Imaging Neu-
roscience, London, England).

Following visual inspection of the MRI volumes for potential
incidental findings or image artifacts, data were prepared for
analysis using the optimized preprocessing strategy proposed by
Good et al. (2001). Informed by our previous results (Pujol et al.,
2004), this procedure was focused on subjects’ gray matter
volumes, and involved several automated processes, including (i)
the creation of a gray matter study-specific template with the brain
images of all the subjects (patients and controls) included in the
study; (ii) segmentation of whole-brain native space images into
gray matter, white matter and cerebrospinal fluid (CSF); (iii)
optimal normalization (with linear and non-linear deformations) of
gray matter segments to their tissue specific template to transform
images into the Montreal Neurological Institute (MNI) standard
stereotaxic space (including reslicing images to a final voxel size of
1.5 mm®); (iv) modulation of all voxel values by the Jacobian
determinants derived from the normalization step (i.e. to restore
volumetric information lost through spatial transformations); and
(v) image smoothing with a 12-mm full width at half maximum
(FWHM) isotropic Gaussian Kernel. An expanded description of
each image preprocessing step is provided in Pujol et al. (2004).

Statistical analysis

To assess potential differences in the sociodemographic and
clinical characteristics of the patient and control groups, we used
the one-way ANOVA, Student’s ¢ and % tests implemented in
the Statistical Package for the Social Sciences (SPSS) version
12.0 (see Table 1). In the same way, global gray matter volumes,
obtained from the non-normalized gray matter images, were
compared by univariate analysis of co-variance (ANCOVA), with
gender, age, and the quadratic and cubic expansions of age (to
control for potential non-linear effects of age) as confounding
covariates.

Analyses of regional volumetric measurements were carried out
using the following three approaches:

1. To examine the contribution of lifetime MDD on the pattern of
previously detected brain structural alterations in OCD, we
performed a selective region of interest (ROI) volumetric
analysis using SPM99 and the additional MarsBaR toolbox
(Brett et al., 2002). Specifically, we compared differences in
the gray matter volume of six ROIs between the three study
groups; OCD with lifetime MDD, OCD alone and healthy
subjects, with gender, age, and the quadratic and cubic
expansions of age as confounding covariates. ROIs were
defined a priori from the six primary clusters that we
previously reported as showing significant volumetric altera-
tions in OCD patients versus healthy subjects (Pujol et al.,
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Table 1
Demographical and clinical data of three groups
Demographic and clinical Normal control OCD alone (n=39) OCD with lifetime Statistical
variable subjects (n=72) MDD (n=33) value®
Mean SD Mean SD Mean SD (p value)®
Age (years) 30.13 10.23 26.12 8.49 30.13 10.23 3.74 (.026)
Age of onset of OCD (years) na na 16.81 5.86 17.21 5.93 .80 (.778)
Duration of illness (years) na na 10.26 8.13 16.15 12.04 5.96 (.027)
HAM-D na na 10.23 3.87 15.57 5.54 43.5 (<.0001)
Y-BOCS score (global) na na 25.56 7.8 28.15 6.2 2.36 (.129)
Y-BOCS score (obsessions) na na 13.56 331 14.27 3.28 .83 (.366)
Y-BOCS score (compulsions) na na 12.00 5.19 13.87 4.21 2.77 (.100)
N % N % N %
Gender distribution (females) 32 44 .4 15 38.5 17 51.5 61 (.540)
Handedness (left-handers) 11 15.3 6 15.4 5 15.2 .011 (.100)
OCD alone (n=39) OCD with lifetime
MDD (n=33)
n % n %
OCD symptoms ©
Symmetry and ordering 12 30.8 10 30.3 0.002 (.966)
Hoarding 10 25.6 6 18.2 0.575 (.448)
Contamination and cleaning 13 333 18 54.5 3.280 (.095)
Aggressive and Checking 26 66.7 23 69.7 0.076 (.783)
Sexual and religious 11 28.2 6 18.2 0.996 (.318)
Treatment status
Previous SRIs trials completed 135 (.987)
Never treated 3 7.7 2 6.1 -
One previous SRIs trial 10 25.6 9 27.3 -
Two previous SRIs trial 11 28.2 10 30.3 -
Three or more previous SRIs trial 15 38.5 12 36.4 -
Previous low dose antipsychotic use 4 10.3 8 24.2 2.517 (.128)
Complete behavioral therapy protocol 22 56.4 19 57.6 0.010 (1)
Previous treatment with ECT 0 0 1 3.0 1.198 (.458)
Previous treatment with experimental TMS 5 12.8 5 15.2 0.081 (1)
Stable medication use at time of MRI 0.160 (.997)
Medication free (>4 weeks) 10 25.6 8 242 -
Clomipramine hydrochloride 14 359 11 333 -
Fluoxetine or fluvoxamine 7 17.9 6 18.2 -
Phenelzine sulfate 1 2.6 1 3.0 -
Clomipramine with fluoxetine 7 17.9 7 21.2 -

OCD, obsessive compulsive disorder.
MDD, major depressive disorder.

HAM-D; Hamilton rating scale for depression.

Y-BOCS, Yale—Brown Obsessive—Compulsive Scale.

na, not applicable.

ECT, electroconvulsive therapy.

TMS, transcranial magnetic stimulation.
MRI, magnetic resonance imaging.

* Two-sample ¢ test for continuous variables, y* test for categorical variables.

° Two-tailed.

¢ Dimensions from Mataix-Cols et al. (1999).

2004). As the volume of each ROI was represented by the
voxel values within each region, these were summarized by
extracting the 1st eigenvariate, a measure that accounted for
most of the variance in this defined set of voxels. Three of
these ROIs, which were located in the mOFC, MdFG and left
posterior insula, corresponded to areas where we observed
absolute decreases in gray matter volume, whereas the other
three ROIs, corresponding to areas of relative gray matter

increases (after controlling for global gray matter volume),
were located in the anterior cerebellum, and in the left and right
ventral striatal areas. Between-groups comparisons were
reported as significant with a threshold of p<.05, corrected
for the multiple comparisons performed over the six ROIs.

. In a post-hoc analysis, we assessed for interregional correlations

between the volume of the ROI significantly related to MDD (see
Results section below) and the other gray matter regions. The 1st
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eigenvariate of the ROI was introduced as the predictor regressor in
an SPM anatomical correlation analysis, controlling for global gray
matter volume, introduced as a nuisance covariate.

3. Finally, to explore for potential abnormalities of the OCD with a
lifetime MDD group in other brain areas beyond the six ROIs
described above, we conducted an additional whole-brain voxel-
based morphometry (VBM) assessment using SPM99. We used a
conjunction analysis to examine brain regions where volumetric
differences occurred in OCD patients with lifetime MDD compared
to both OCD alone and healthy subjects. The minimum #-statistic of
the two comparisons (OCD with lifetime MDD vs. OCD alone, and
OCD with lifetime MDD vs. healthy subjects) was used to assess
significance (Friston et al., 2005; Nichols et al., 2005). Gender, age,
and the quadratic and cubic expansions of age were included as
nuisance variables in the analysis.

In voxelwise analyses (analyses 2 and 3 of the above), findings
were reported as significant with a threshold of p<.05 corrected for
the multiple comparisons performed over the whole gray matter
volume. Nevertheless, results were also explored at a less
conservative threshold of p<.001 uncorrected for multiple compar-
isons. SPM spatial coordinates of these voxelwise analyses were
finally translated into the standard Talairach space using a non-linear
transformation of SPM99 space to Talairach space (Brett, 20006).
Although new versions of the SPM software have been developed,
we used SPM99 to ensure an easier interpretation of the results here
presented considering the ones previously reported with the same
sample of subjects (Pujol et al., 2004), thus attempting to avoid
possible confusion due to a change in the software version.

Results

Table 1 presents the demographic and clinical characteristics of
all three subjects groups. The three groups differed significantly in
age, but did not differ in their gender ratio or handedness. OCD
patients with lifetime MDD were older than patients with OCD
alone. These patients also showed greater depressive symptom at
the time of scanning (HAM-D scores) and had a longer illness
duration. There were no significant differences between the two
patient groups on total YBOCS score, presence of obsessive or
compulsive symptoms, or their severity or treatment status.

Global gray matter volume

A univariate ANCOVA, controlling for gender, age, and the
quadratic and cubic expansions of age, demonstrated a significant
group effect on global gray matter volume (#'=3.66; p=.028). OCD
patients with lifetime MDD showed smaller global gray matter
volumes compared to healthy controls (mean=717; SD=79 ml in
OCD with MDD patients; mean=763; SD=78 ml in control
subjects; F'=6.66; p=.012), but not in comparison with patients
with OCD alone (mean=758; SD=80 ml). No differences were
found between patients with OCD alone and healthy control subjects.

Contribution of lifetime MDD on OCD-related brain structural
alterations

Findings from the ROI-driven analysis are reported in Table 2. As
anticipated, both OCD groups showed significant alterations of
regional gray matter volumes compared to control subjects in the six

Table 2
Summary of ROI analyses statistics

OCD with OCD alone  OCD with
lifetime (n=33) (n=39) vs. lifetime MDD

Regions of interest

MDD vs. Controls (n=33) vs. OCD
Controls (n=72) (n=72) alone (n=39)
t (p value)
Absolute volume decreases
mOFC 5.69 (<.001) 3.06 (.004) 2.40 (.03)
MdAFG 4.67 (<.001) 3.99 (<.001) 0.75 (n.s.)
Insulo-opercular cortex 5.23 (<.001) 3.31 (.002) 1.80 (n.s.)

Relative volume increases

Anterior cerebellum 3.87 (<.001)
Left ventral striatum  4.07 (<.001)
Right ventral striatum  4.49 (<.001)

3.82 (<.001) 0.20 (n.s.)
3.82 (<.001) 0.80 (n.s.)
2.80 (01)  1.57 (n.s.)

The p values are corrected over the analyzed regions of interest.
OCD, obsessive compulsive disorder.

MDD, major depressive disorder.

mOFC, medial orbitofrontal cortex.

MdFG, medial frontal gyrus.

ROIs. Additionally, we observed a significant and specific reduction
of'the gray matter volume of the mOFC in OCD patients with lifetime
MDD compared to those without. No further differences in the other
ROI volumes were seen between these two groups of patients.

Correlations of mOFC volume with other brain regions

To examine for potential structural networks involving the
mOFC in the three study groups, we performed SPM anatomical
correlation analyses. Such analyses indicated that in patients with
OCD alone, the volume of mOFC was positively correlated with
the volume of the rostral anterior cingulate cortex (ACC) (peak
correlation at Talairach x, y, z: —2, 42, 14 mm; t=6.44; corrected
p<.05, see Fig. 1). Conversely, for OCD patients with lifetime
MDD, mOFC volume was positively correlated with a cluster of
voxels located more anterior and dorsal in the MdFG (peak
correlation at Talairach x, y, z: —2, 48, 25 mm; #=5.93; corrected
p<.05; see Fig. 1). Another positive correlation was also observed
for this group between the mOFC and the right anterior insula
(peak correlation at Talairach x, y, z: 47, 16, —11 mm; 1=6.33;
corrected p<.05; see Fig. 2). Finally, OCD patients with lifetime
MDD also showed a negative correlation between mOFC volume
and the right amygdala—parahippocampal region (peak correlation
at Talairach x, y, z: 20, —1, —22 mm; ¢=5.12; corrected p<.05; see
Fig. 3). No significant interregional correlations with the mOFC
were observed for the healthy control subjects.

Other brain regions implicated in OCD with MDD

Additional voxelwise analyses were conducted to explore
whether other brain regions might distinguish OCD patients with
MDD from patients with OCD alone and healthy controls. A
conjunction analysis indicated that regional gray matter volumes of
OCD patients with lifetime MDD were reduced compared to the
other two groups in three primary clusters: one involving the left
parahippocampal area (peak correlation at Talairach x, y, z: —29,
—18, =27 mm; t=4.04; see Fig. 4), extending to the fusiform gyrus,
and two clusters respectively located in the right (peak correlation at
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Fig. 1. Statistical parametric map of the positive correlation between the mOFC and the rostral anterior cingulate cortex in patients with OCD alone (yellow), and
the MdFG in OCD patients with MDD comorbidity (green). Voxels below p<.001 (uncorrected) are displayed. L, left.

Talairach x, y, z: 29, 54, —17 mm; r=3.50; see Fig. 4) and left (peak
correlation at Talairach x, y, z: —41, 51, — 12 mm; 1=3.41; see Fig. 4)
lateral orbitofrontal cortices. These differences were significant at a
less conservative whole-brain uncorrected threshold of p<.001.
All the above analyses were repeated controlling for potential
confounding variables and no relevant changes were observed in
the results. Confounding variables included handedness, illness
duration and comorbidity pattern (OCD onset before MDD, and
OCD onset after MDD). In relation to the depression status (past
history of depression vs. first episode at the moment of scanning),

Right insula volume (adjusted)

although the main results remained unaltered after controlling for
this factor, in a post-hoc analysis we detected a significant volume
reduction in the left lateral orbitofrontal cortex in OCD with past
history of MDD (n=26) (¢=2.7; p=.011) compared to those
patients suffering their first MDD episode (n=7).

Discussion

Our primary finding was that OCD patients with a lifetime
history of MDD showed a more pronounced volume reduction in

OCD+MDD patients

0,05 0
mOFC volume (adjusted)

0,05

Fig. 2. Statistical parametric map of the positive correlation between the mOFC and right insula in OCD patients with MDD comorbidity. Voxels below p<.001

(uncorrected) are displayed. R, right.



418

=l
=
@
=
)
£
o
£
E
°
>
=
o
=
o
>
£
<

N. Cardoner et al. / Neurolmage 38 (2007) 413—421

OCD+MDD patients

-0,05 0

mOFC volume (adjusted)

Fig. 3. Statistical parametric map of the negative correlation between the mOFC and gray matter volume of the right amygdala—parahippocampal region in OCD
patients with MDD comorbidity. Voxels below p<.001 (uncorrected) are displayed. R, right.

the mOFC. Interestingly, gray matter volume of the OFC showed
an abnormal pattern of correlations with other relevant brain areas,
involving the MAFG, insula and parahippocampal-amygdala
complex in OCD patients with lifetime MDD, and the rostral
anterior cingulate cortex in patients with OCD alone.

Dysfunction of the mOFC has been hypothesized in a range
of neurological and psychiatric disorders, which is supported by
lesion and neuroimaging studies (Zald and Kim, 2001). To this
end, mOFC alterations have been documented in mood and
anxiety disorders (Bremner et al., 2002; Drevets, 2000; Rauch et
al., 1997), schizophrenia (Crespo-Facorro et al., 2001; Pantelis et
al., 2003), personality and neurodevelopmental disorders (Berlin
et al.,, 2005; Girgis et al., 2001), as well as substance abuse
disorders (Goldstein and Volkow, 2002; Lubman et al., 2004).
Collectively, these data suggest that the mOFC appears to be a
region of common pathophysiological vulnerability in disorders
characterized by, among other features, significant emotional
dysfunction.

In OCD patients specifically, neuroimaging studies have
reported reduced volumes of the mOFC (Pujol et al., 2004;
Szeszko et al., 1999) as well as altered functional activity (Rauch et
al., 1994; Mataix-Cols et al., 2004) and functional connectivity of
this region (Harrison et al., 2006). However, in keeping with the
above discussion, Rauch et al. (1997) proposed that abnormal
functional activation of the mOFC might be relatively non-specific
to OCD and generalizable across a variety of anxiety disorders,
particularly in response to anxiety-provoking challenges.

Our current findings suggest a common alteration of mOFC
gray matter volume in OCD patients with and without MDD, but
where the presence of comorbid depression had an additive effect
of augmenting this pattern of volumetric reduction. This finding
appears to be consistent with neuroimaging studies of primary
depression, where prominent alterations of the mOFC have been
reported, including reduced structural volume (Bremner et al.,
2002; Lacerda et al., 2004), reduced basal metabolic activity and
perfusion in severe patients (Drevets, 2000; Mayberg et al., 1994),
and blunted functional responsiveness of this region following
psychological and pharmacological challenges (Bremner et al.,
2003; Liotti et al., 2002). Similarly, this appears to be in line with
other neuroimaging studies of MDD and MDD comorbidity in

OCD, where common alterations linked to depressive symptoma-
tology have been reported (Baxter et al., 1989; Saxena et al.,
2001).

Anatomical alteration in the OFC region, therefore, may be
considered a marker of psychiatric illness that is particularly
prominent when OCD and MDD co-occur in the same patients.
Nevertheless, our correlation analysis may well suggest a different
role for OFC changes in the pathophysiology of OCD and
comorbid depression. Taken together, the observed interregional
correlations appear to support the notion that psychiatric disorders,
in general, evolve from dysfunction of distributed brain systems
rather than distinct alterations (Aouizerate et al., 2004; Crespo-
Facorro et al., 2001; Drevets, 2000; Goldstein and Volkow, 2002).

OCD patients without MDD showed a positive structural
correlation of mOFC volume and the rostral division of the ACC.
Both regions have been consistently implicated in functional
imaging studies of OCD over the past decade (Rauch et al., 1994)
and have become central to most pathophysiological models of this
illness (Aouizerate et al., 2004). Evidence from cognitive
neuroscience also implicates a role for both regions in higher-
order behavioral processes such as complex decision making,
emotional self-awareness and action monitoring (Paus, 2001;
Gusnard et al., 2001). Action monitoring, in particular, appears to
have certain phenomenological relevance in explaining aspects of
OC symptomatology and, in recent studies of OCD patients, has
been linked to functional alterations of the rostral ACC and OFC
regions (Maltby et al., 2005; Ursu et al., 2003). Thus, extending
our previous study (Pujol et al., 2004), this observation of a
structural interrelationship between the mOFC and rostral ACC
provides additional support for a relevant medial-frontal contribu-
tion to OCD (Yficel et al., 2007).

In OCD patients with lifetime MDD, mOFC volume showed a
differential pattern of regional correlations involving the medial
prefrontal cortex, insula and parahippocampal-amygdala complex.
Specifically, we observed a positive correlation of mOFC volume
with the medial prefrontal cortex, a brain region that has become
increasingly implicated in functional imaging studies of emotion
processing, including a role in the voluntary regulation of mood, as
well as the emotional appraisal of self and others (Teasdale et al.,
1999; Gusnard et al., 2001; Phan et al., 2005). In patients with
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Fig. 4. Statistical parametric map showing regions with reduced gray matter volumes in OCD patients with MDD, involving (A) right and left lateral orbitofrontal
cortices and (B) left parahippocampal area. Voxels below p<.001 (uncorrected) are displayed. L, left.

MDD, reduced activation of the medial prefrontal cortex has been
linked to impaired capacity for emotional self-awareness and
emotional stability (Liotti et al., 2002), while preserved activity in
this region has been proffered as a functional marker of good
treatment response (Saxena et al., 2003) and endophenotype for
resilience to mood disorders (Kruger et al., 20006).

We observed a positive correlation between the mOFC and the
right insular cortex, which is also supported by their well-known
anatomical connectivity profile (Ongur and Price, 2000). Func-
tional imaging studies of healthy subjects have linked activation of
the right insula to aspects of negative emotional processing, such
as the perception of sadness and disgust as well as anxiety (Phillips
et al., 2003). Several functional and structural neuroimaging
studies have reported selective changes of the insular region in
patients with OCD (Mataix-Cols et al., 2004; Phillips et al., 2000;
Pujol et al., 2004) and MDD (Beauregard et al., 2006; Cardoner et
al., 2003; Davidson et al., 2003). Those insula alterations
specifically related to OFC alterations may perhaps be more
relevant in the context of OCD with comorbid MDD.

Finally, we found that mOFC volume was negatively correlated
with gray matter volume of the right amygdala—parahippocampal
region in OCD patients with MDD. Studies of non-human primates
have characterized strong bidirectional projections and functional
modulation between the amygdala and ventromedial prefrontal
regions (Paus, 2001), which has, in part, been confirmed by human
neuroimaging studies and linked to negative emotion perception
and affect (Phillips et al., 2003). Our observation of a negative
volumetric association between these regions may fit with recent
evidence for an altered functional coupling of the amygdala—
ventromedial prefrontal regions in individuals with a higher genetic

susceptibility to depression (Pezawas et al., 2005; Heinz et al.,
2005), as well as findings of an inverse correlation between OFC
and amygdala activity in patients with depression in PET studies
(Drevets, 2000). Our finding may suggest some role for an altered
OFC-right amygdala relationship in the development of lifetime
depression in patients with OCD. Nevertheless, the specific
mechanisms mediating this process will need to be elucidated,
given that in some ROI-focused studies (Szeszko et al., 1999),
OCD patients showed volumetric reduction in both the amygdala
and OFC, as did the subgroup of patients with prominent
aggressive obsessions and checking compulsions in our previous
voxelwise study (Pujol et al., 2004).

The data derived from our study suggest that additional structures
could contribute to MDD comorbidity in OCD. We detected a
tendency to gray matter volume reduction in the right and left lateral
OFC and left parahippocampal region. Such findings are in
concordance with several studies suggesting a relevant role of these
regions in emotion regulation and MDD pathophysiology (Zald and
Kim, 2001; Bremner et al., 2002; Drevets, 2000; Lacerda et al.,
2004). Indeed, reduced metabolic activity in the left hippocampal
area has specifically been related to MDD-OCD comorbidity
(Saxena et al., 2001).

There are some methodological limitations to this study that
should be considered. Firstly, we have not used the latest version
of the SPM software, which introduces some modifications in the
segmentation algorithm (Ashburner and Friston, 2005). Although
we cannot rule out the possibility that this may have affected the
accuracy of our results, we preferred to avoid any confounding
effects due to a change in the software version and ensure a
straightforward interpretation of the results in relation with our
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previously reported data (Pujol et al., 2004). Secondly, the
relatively high slice thickness used in the present study may have
limited the spatial resolution of our findings. Furthermore, the
study groups reported here were not strictly matched in terms of
the number of subjects in each group, age distribution, and illness
duration. We have attempted to minimize this limitation by
accounting for subjects’ age and gender in all statistical
comparisons, although this is obviously not as ideal as having
strictly matched groups. We also included patients with a
different MDD clinical status (i.e., past history, current or first
episode) in the OCD and MDD groups. A differential effect of
MDD status over brain structure cannot be totally excluded, as
suggested by prior studies (Lacerda et al., 2004). Indeed, we
found a more pronounced volume reduction in left lateral OFC in
OCD patients with a past history of MDD compared to those
with a first current MDD episode. Although we found no
differences in treatment status between both patient groups,
including the number of previous trails of antidepressants, the use
of antipsychotics or physic treatments, an influence of treatment
history on our volumetric findings cannot be definitively
excluded (Gilbert et al., 2000; Lieberman et al., 2005). Finally,
our study is limited to a sample of patients with OCD as their
primary diagnosis and, thus, our findings could be extended or
complemented by future studies including MDD patients without
OCD comorbidity.

In summary, our findings support existing evidence suggesting a
non-specific involvement of the mOFC in the pathophysiology of a
range of neuropsychiatric disorders, including OCD. Comorbid
depression in OCD appears, primarily, to have an additive effect on
gray matter volume alterations in OCD patients, including a more
pronounced volumetric reduction in the mOFC and a more diffuse
pattern of abnormal structural covariances with other limbic and
paralimbic regions. These brain structural alterations could impair
emotional regulation and increase the risk or diathesis for major
depression.
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3.3. ESTUDI 2: OBJECTIUS | RESULTATS

3.3.1. Objectius

3.3.1.1. Estudiar quins factors neuroestructurals estan relacionats amb la clinica,
I'evolucid i la resposta al tractament en el trastorn depressiu major (TDM) amb

caracteristiques malenconioses.

3.3.1.2. Estudiar quins factors neuroestructurals estan relacionats amb el curs

longitudinal del TDM amb caracteristiques malenconioses.

3.3.2. Resultats

3.3.2.1. El pacients diagnosticats de depressid malenconiosa mostren reduccions de
susbtancia gris (SG) a l'insula esquerra i un increment de la substancia blanca (SB) a
I'area del tegment superior del tronc de I'encéfal. Els pacients homes mostren una
disminucié de SG al talem dret i els pacients d'edat avancada mostren una reduccio
en la SB periventricular. La reduccié de volum en l'insula, I'hipocamp i I'escorca
parietal lateral de I'hemisferi esquerre es relaciona amb una recuperacié més lenta

un cop iniciat el tractament.

3.3.2.2. La SB de l'area del tegment superior del tronc de I'encéfal va mostrar una

evoluciéd temporal diferencial entre els pacients depressius i els controls sans,
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mostrant una disminucié de volum en els primers i un increment en els segons. El
decrement de SG en ambdues insules es relaciona amb el nimero de recaigudes

durant el seguiment.

3.3.3. Publicacid

C Soriano-Mas, R Hernandez-Ribas, J Pujol, M Urretavizcaya, J Deus, B Harrison, H Ortiz, M
Lépez-Sola, J]M Menchén, N Cardoner. Cross-Sectional and Longitudinal Assessment of
Structural Brain Alterations in Melancholic Depression. Biological Psychiatry 2011; 69:318-
325

Factor d'impacte = 8,674.

JCR 2010 = 1r quartil, 1r decil, nimero 4/128 (Psiquiatria).
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Cross-Sectional and Longitudinal Assessment of
Structural Brain Alterations in Melancholic Depression

Carles Soriano-Mas, Rosa Hernandez-Ribas, Jesus Pujol, Mikel Urretavizcaya, Joan Deus, Ben J. Harrison,
Hector Ortiz, Marina Lépez-Sola, Josep M. Menchén, and Narcis Cardoner

Background: Whole-brain imaging approaches may contribute to the characterization of neuroanatomic alterations in major depression,
especially in clinically homogenous patient groups such as those with melancholic features. We assessed brain anatomic alterations, both
cross-sectionally and longitudinally, in patients with melancholic depression using a whole-brain voxel-wise approach.

Methods: Whole-brain magnetic resonance images were collected from a relatively aged sample of 70 consecutively recruited major
depressive disorder inpatients with melancholic features and from a group of 40 healthy control subjects. All patients were clinically
followed for at least 2 years, and a subset of 30 depressive patients and 20 control subjects were rescanned after a 7-year period. Imaging
data were analyzed with voxel- and tensor-based morphometry techniques.

Results: Melancholic patients showed gray matter reductions in the left insula and white matter increases in the upper brainstem
tegmentum. Male patients showed gray matter decreases in the right thalamus, and periventricular white matter reductions were specifi-
cally observed in older patients. Volume decreases in the left insula, hippocampus, and lateral parietal cortex predicted a slower recovery
after treatment initiation. In longitudinal assessment, white matter of the upper brainstem tegmentum showed a different temporal
evolution between groups. Additionally, bilateral gray matter reductions in the insulae were associated with the number of relapses during
follow-up.

Conclusions: Structural alterations were identified in regions potentially related to relevant aspects of melancholia pathophysiology.
Longitudinal analyses indicated region-specific interactions of baseline alterations with age as well as a significant association of clinical

severity with focal changes occurring over time.

Key Words: Major depressive disorder, melancholia, neuroanat-
omy, neuroimaging, structural magnetic resonance imaging (MRI),
voxel-based morphometry

brain anatomic abnormalities in patients with major de-
pressive disorder (MDD), most typically volumetric reduc-
tions, although results have been notably heterogeneous in the
identification of affected structures. According to recent summaries
(1-3), volumetric reductions of the hippocampus, basal ganglia,
orbitofrontal cortex, and anterior cingulate cortex, particularly its
subgenual division, are the most reliable findings. However, there
are also reports of nonsignificant findings for such regions (4-6),
whereas other studies have reported volumetric reductionsin areas
such as the amygdala (7), insula (8), and thalamus (9).
Inconsistency in the identification of brain structural alterations
in MDD may be partially explained by the fact that most studies
have focused on a certain number of structures selected a priori, as
opposed to providing comprehensive whole-brain analyses. Addi-

M agnetic resonance imaging (MRI) studies have reported
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tionally, there has been significant variability in terms of the clinical
profile of the assessed patients. Such variability may have pre-
vented the identification of anatomic changes in particular sub-
groups because different phenotypes of the disorder are likely to be
associated with different neuropathologic alterations (10). In this
context, the assessment of clinically homogeneous samples using a
whole-brain imaging approach may offer a more comprehensive
characterization of the anatomic alterations associated with MDD.

Melancholic depression is a relatively homogenous subtype of
MDD characterized by anhedonia, psychomotor disturbances, feel-
ings of guilt, early awakening, diurnal variation, and anorexia (11). It
has also been related to specific neurobiological correlates such as
cortisol dysregulation and alterationsin sleep patterns (12). Reports
of structural brain alterations in melancholic depression have been
few in number, including overlapping results with those of general
MDD samples, such as reduced hippocampal volumes (13), and also
other findings such as enlargement of cerebrospinal fluid (CSF)
spaces surrounding the sylvian fissure (14). Nevertheless, alter-
ations in other gray or white matter regions may be expected
because core features of melancholia (e.g., anhedonia, psychomo-
tor retardation, or hyperactivity of the hypothalamic-pituitary-ad-
renal axis) have been related to abnormalities in distributed brain
systems such as “corticostriatal loops” (15,16) or monoaminergic
pathways linking the brainstem nuclei and limbic structures (12,17).
However, to date, no studies in melancholic patients have em-
ployed an exploratory whole-brain voxelwise approach.

Another relevant feature of melancholia is its interaction with
age. As a group, patients with melancholic depression have a later
onset of illness compared with nonmelancholic samples (18). Fur-
thermore, certain clinical (i.e., psychomotor disturbances) (19) and
neuropathologic (i.e., subgenual cortex dysfunction) (6) alterations
of melancholic depression are more prominent in older patients.
This interaction suggests that some of the pathologic features of
melancholia may be “degenerative” in nature, because of an accu-
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mulation of pathogenic insults throughout a patient’s life (20). Lon-
gitudinal imaging approaches may be optimal for testing this hy-
pothesis because they allow for the assessment of relationships
between measures of clinical severity (e.g., number of relapses) and
anatomic changes observed over time. Such studies also allow
examining interactions between illness and age-related brain struc-
tural alterations, especially when long follow-up periods are em-
ployed.

The initial aim of this study was to assess brain anatomic alter-
ations in a large sample of melancholic patients compared with a
group of control subjects of similar age and gender in the context of
a whole-brain voxelwise approach. Gender-specific and age-re-
lated alterations in brain anatomy were specifically evaluated, as
well as correlations with clinical data. A subset of participants was
followed up 7 years after the initial imaging examination. This anal-
ysis allowed us to make a further assessment of the potential inter-
action between anatomic changes and age and to study the rela-
tionship between anatomic alterations and illness severity (i.e.,
number of relapses between scans).

Methods and Materials

Subjects

We assessed 70 MDD patients (41 female) consecutively re-
cruited from the Mood Disorders Unit of the Bellvitge University
Hospital. All but three patients were right-handed according to the
Edinburgh Inventory (21). The group comprised patients with a
current depression episode fulfilling DMS-IV criteria for MDD with
melancholic features and who required hospital admission for
treatment. Patient diagnosis was independently confirmed by two
senior psychiatrists (MU and NC) using the Structured Clinical Inter-
view for DSM-IV Axis | Disorders—Clinician Version (22). MDD sever-
ity was assessed with the Hamilton Rating Scale for Depression
(HAM-D) (23).Uponinclusion, all patients had a HAM-D score higher
than 18. This was a sample of relatively old patients (mean = SD
age = 61.56 = 9.68 years, Table 1), although only 16 subjects (22.9%
of the sample) had late-onset MDD (> 60 years), and the mean age
at disorder’s onset was 51.11 = 12.57 years (Table 2). Exclusion
criteria included the presence or past history of other Axis | diag-
noses, presence or past history of neurologic or other serious med-
ical conditions (including dementia), abnormal MRI upon visual
inspection, or any contraindication to MRI scanning. The presence
of hypertension or diabetes mellitus Type 2 (DM-II) was not consid-
ered as an exclusion criterion. Specifically, 17 patients had hyper-
tension (24.3% of the sample), and four patients had DM-II (5.7% of
the sample). In any case, we excluded subjects with evidence of
ischemic tissue damage in the MRI to avoid including cases
of cardiovascular etiology.

Forty control subjects (23 female) from the same sociodemo-
graphic environment were selected. These subjects (one left-
handed) were of similar age and gender as the patients (Table 1).
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Control subjects were selected according to guidelines established
by Shtasel et al. (24). A detailed medical history was recorded for
each subject, and a structured interview was administered to detect
subjects who fulfilled exclusion criteria (presence or past history of
any Axis | or Axis Il diagnosis, presence or past history of neurologic
or other relevant medical conditions, abnormal MRI upon visual
inspection, or any contraindication to MRI scanning). The percent-
age of control subjects with hypertension was 27.5% (11 subjects)
and with DM-Il was 7.5% (3 subjects).

All patients were clinically followed for at least 2 years through
contact with the Mood Disorders Unit. During this period, no pro-
dromal signs of dementia were detected, and a positive response to
antidepressant treatment was observed. A subset of participants
(30 patients and 20 control subjects) was rescanned approximately
7 years (mean 84.72 months, range 78-90 months) after the first
MRI. Table S1 (see Supplement 1) details the reasons for follow-up
discontinuation over this 7-year period. One-sample t tests and
chi-square tests confirmed that original and follow-up samples did
not differ on any sociodemographic variable (Table 1). For patients,
the original and follow-up samples differed only in the “time to
remission” of the clinical episode upon inclusion (Table 2).

Informed consent was obtained from all subjects after detailed
description of the study, and the study was approved by the local
ethics committee and performed according to ethical standards of
the Declaration of Helsinki.

MRI Acquisition and Preprocessing

Subjects were scanned with a 1.5-T scanner (Signa, GE Medical
Systems, Milwaukee, Wisconsin) at baseline and follow-up to obtain
a 60-slice three-dimensional spoiled gradient recoil sequencein the
axial plane (repetition time 40 msec, echo time 4 msec, pulse angle
30°, field of view 26 cm, matrix size 256 X 192 pixels, in-plane
resolution 1.02 mm?, and section thickness 2.5 mm). Imaging data
were processed on a Microsoft Windows platform using technical
computing software (MATLAB ver. 7; Mathworks, Natick, Massachu-
setts) and Statistical Parametric Mapping (SPM2; Wellcome Depart-
ment of Imaging Neuroscience, London, United Kingdom).

Data Preprocessing for Cross-Sectional Analyses. Image
preprocessing was performed with the VBM2 toolbox (25). First, we
obtained study-specific template and prior images following pro-
cedures described elsewhere (26). Given the unequal number of
subjects in our samples, 40 randomly selected patients and the 40
control subjects were used in this first step. Second, native-space
MRIs were segmented into gray matter, white matter and CSF and
optimally normalized to their tissue specific template. During this
process, images were resliced to a final voxel size of 1 mm?. The
Jacobian determinants derived from the spatial normalization were
used to modulate image voxel values to restore volumetric infor-
mation (27). Finally,images were smoothed with a 12-mm full width
at half maximum isotropic Gaussian kernel, which allows for para-
metric statistical testing in unbalanced designs (28).

Table 1. Sociodemographic Characteristics of the Study Samples

Original Sample

Follow-Up Sample

Patients (n = 70)
Mean = SD (Range)

Controls (n = 40)
Mean = SD (Range)

Patients (n = 30)
Mean = SD (Range)

Controls (n = 20)
Mean = SD (Range)

Age at Inclusion

Age at Second MRI
Gender, F, n (%) 41
Left-Handed, n (%) 2

61.56 = 9.68 (37-82)

(58.6)
(2.9)

59.23 = 7.09 (49-76)

23 (57.5)
1(2.5)

59.13 = 8.01 (44-73)
66.57 + 8.20 (51-81)
16 (53.3)
1(3.3)

58.80 = 6.30 (49-71)
65.30 * 6.34 (55-78)
11 (55.0)
0(0.0)

No significant differences were observed between groups in any of the variables.

F, female; MRI, magnetic resonance imaging scan.
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Table 2. Clinical Characteristics of Melancholic Patients

C. Soriano-Mas et al.

Original Sample (n = 70)

Follow-Up Sample (n = 30)

Statistical Value?

Mean = SD (Range) Mean = SD (Range) (p Value)
Age at Onset of MDD 51.11 = 12.57 (17-78) 49.87 = 10.64 (28-70) —0.64 (0.53)
Duration of lliness, Years 10.45 = 10.08 (0-40) 9.27 = 9.92 (0-33) —0.65 (0.52)
Number of Previous Episodes 3.07 = 413 (1-27) 3.27 = 4.09 (1-21) 0.26 (0.79)
HAM-D 17 Score at Inclusion 28.60 *= 7.63 (18-51) 28.03 * 8.33 (18-51) —0.37 (0.71)

Core Subscale (Items 1-3, 7, 8) 11.44 = 2.98 (4-17) 11.13 £ 3.17 (5-17) —0.53 (0.6)
Maier Subscale (Items 1, 2, 7-10) 12.22 *+ 3.66 (6-21) 11.77 = 4.07 (6-21) —0.61 (0.55)
Retardation Subscale (Items 1, 7, 8, 14) 8.41 * 2.21 (4-15) 8.40 * 2.43 (4-15) —0.02 (0.98)
Somatization Subscale (Items 10-13, 15, 17) 9.12 = 3.15(3-17) 9.07 = 3.43 (4-17) —0.08 (0.93)

Time to Remission, Days
HAM-D Score at Second MRI
Number of Episodes Between Scans

58.48 + 46.82 (8-180)

42.56 + 31.89 (9-180)
2.60 = 4.5 (0-18)
1.90 + 2.11 (0-7)

—2.73 (0.011)

Time of Treatment at Inclusion, Years 2.74 = 3.71 (0-20) 3.52 *+ 4.85 (0-20) 0.88 (0.39)
No. of Treatment Strategies at Inclusion 1.89 = 1.69 (0-5) 1.53 = 1.52 (0-5) —1.28 (0.21)
Time of Treatment Between Scans, Years — 6.74 = 1.47 (1.5-8.5) —
No. of Treatment Strategies Between Scans — 2.03 = 2.745 (0-14) —
n (%) n (%)
Treatment Status
Stable Medication (> 4 weeks) at Time of First MRI 1.39 (0.96)
Medication-Free 0 (28.6%) 7 (23.3%)
Imipramine 7 (24.3%) 8 (26.7%)
SSRI 0(14.3%) 6 (20%)
Venlafaxine 3( .3%) 1(3.3%)
Clomipramine 2 (2.9%) 1 (3.3%)
Imipramine with Others® 7 (10%) 4 (13.3%)
SSRI with Others® 1(1.4%) 0 (0%)
Clomipramine with Others® 2 (2.9%) 0 (0%)
Other Antidepressants® 8 (11.4%) 3 (10%)
Stable Medication (> 4 weeks) at Time of second MRI —
Medication-Free 4 (13.3%)
Imipramine 6 (20%)
SSRI 3 (10%)
Venlafaxine 3 (10%)
Imipramine with Others® 8 (26.7%)
SSRI with Others® 1(3.3%)
Venlafaxine with Others® 2 (6.7%)
Other Antidepressants® 3 (10%)

HAM-D 17, 17-item Hamilton Rating Scale for Depression; MDD, major depressive disorder; MRI, magnetic resonance imaging; SSRI, selective serotonin

reuptake inhibitor.

“Follow-up sample compared to original sample (one-sample t test for continuous variables, chi-square test for categorical variables). Bold indicates

statistical significance.

bOther antidepressants: mianserine, mirtazapine, doxepine, maprotiline, nortriptiline, or amitriptiline.

Data Preprocessing for Longitudinal Analyses. Our longitu-
dinal analyses were intended to assess volume-modulated image
segments. To this aim, we used a combination of tensor-based
morphometry (29-31) and optimized voxel-based morphometry
VBM for longitudinal data (32,33). Because optimized VBM requires
image segmentation to be performed in native space and indepen-
dently from spatial normalization, which is not possible in SPM
versions beyond SPM2, we used this version of the software. In
addition, because tensor-based morphometry involves a high-di-
mensional deformation between baseline and follow-up images
and CSF segmentation is less accurate than gray and white matter
segmentation, our analyses were focused solely on gray and white
matter segments. Image preprocessing is summarized as follows:

1. After coregistration of follow-up to baseline examinations, the
high-dimensional deformation field that would warp follow-up
images to their respective baseline scan was estimated.

2. Raw images were segmented into gray and white matter tis-
sues in native space. In this step, we introduced an additional
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bias field correction to each image pair to account for intensity
nonuniformities in baseline compared with follow-up acquisi-
tions (33).

3. The high-dimensional deformation field from Step 1 was ap-
plied to the follow-up gray and white matter segments, which
were additionally modulated by the Jacobian determinants of
the high-dimensional deformation fields.

4. Baseline images were normalized to their tissue specific tem-
plate, and the same normalization parameters were applied to
the previously warped follow-up images. All images were
modulated by the Jacobian determinants derived from this
normalization.

5. Baseline and follow-up images were smoothed with a 12 mm
full width at half maximum isotropic Gaussian kernel.

Data Analysis
Cross-Sectional Study. Global gray and white matter volumes
were obtained from the original nonnormalized images and com-
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Figure 1. Regions of gray and white matter volume change in patients with
melancholic depression superimposed on selected slices of a normalized
brain. (A) Gray matter volume reductions in left posterior insular cortex
(peakatx,y,z=-50,-15,8;t = 5.14; prwecorrectedy = -006). (B) White matter
volume increases in the upper brainstem tegmentum (peak at x,y, z = 1,
-23,-19; t = 5.55; Ppwecorrectedy = -001). Voxels with p <.001 (uncorrected)
are displayed. Color bar represents t value. L, left hemisphere.

pared between groups with independent samples t tests in SPSS
(ver. 15). Voxelwise regional volume differences were studied with
SPM tools. Between-group comparisons were conducted sepa-
rately for gray and white matter. In these analyses, global tissue
volume (gray or white) was included as a nuisance covariate. Gen-
der effects were assessed in a four group (male-female/patients—
control subjects) SPM whole-brain analysis with age and global
tissue volume as confounders. Age effects were first assessed con-
sidering age as a continuous variable and later considering four
groups of subjects (young-old/patients— control subjects, splitting
the subjects according to the mean age of the group), with gender
and global tissue volume as confounders. The relationship between
findings from these analyses with clinical variables was examined in
SPSS by performing Pearson’s correlations between volumetric val-
ues (average of the voxel values within the significant cluster) and
clinical measurements. Within SPM, exploratory voxelwise correla-
tion analyses were also performed to test for significant associa-
tions between regional volumes and clinical variables introducing
the clinical variable as a regressor of interest and global tissue
volume as a nuisance covariate.

Longitudinal Study. We firstly studied the longitudinal evolu-
tion of the gray and white matter regions found to be altered in the
cross-sectional analysis by extracting the average of the values
within the cluster of significant voxels from baseline and follow-up
images. Within SPSS, we performed a mixed-model analysis of vari-
ance with group (patient or control) as the independent predictor
and time point (baseline or follow-up) as the intrasubject measure-
ment. Main effects and interactions were evaluated. Second, voxel-
wise interactions between “group” and “time-point” were studied
within SPM performing paired comparisons to assess whether
greater tissue contraction or expansion between both time points
occurred in patients relative to control subjects. The variables “time
between scans” and global tissue volume were introduced as nui-
sance covariates. Finally, within the patient group, we assessed for
correlations between volumetric longitudinal changes (follow-up
voxel values minus baseline) and clinical variables. These difference
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images were analyzed by linear regression in SPM with the clinical
variable of interest as a regressor of interest and “time between
scans” as nuisance covariate.

For SPM analyses, significance thresholds were set at p < .05 (fam-
ily-wise corrected for multiple comparisons). However, to allow a com-
prehensive results assessment, if no voxels survived this exacting
threshold, data were also explored at p < .001 (uncorrected). For the
purpose of displaying results, a significance threshold of p < .001
(uncorrected) was used in all cases. In post hoc SPSS analyses, the
statistical threshold was set at p < .05. Anatomic mapping was assisted
using the automated anatomical labeling SPM toolbox (34).

Results

Global Volume Measurements

There were no significant differences in global gray and white
matter volumes between patients and controls (see Supplement1,
Table S2).

Cross-Sectional Analyses

Patients showed a significant gray matter volume reduction in
left posterior insula (Figure 1A) and a white matter volume increase
in the upper brainstem tegmentum, at the level of midbrain and
rostral pons (Figure 1B; see also Supplement 1, note 1). These find-
ings did not interact with gender or age.

Gender-Specific and Age-Related Effects

Male MDD patients exhibited a gray matter reduction in the
right thalamus (Figure 2A) that was not observed in female patients.
Assessment of group X age interactions revealed no significant
findings, although when subjects were split in two subgroups
(young and old), a significant reduction in periventricular white
matter was specifically observed in old MDD patients (Figure 2B). In
a post hoc analysis, we observed that white matter content in this
cluster was inversely related to CSF volume in the anterior horn of

Figure 2. Regions of interaction between group and gender and between
group and age superimposed on selected slices of a normalized brain. (A)
Gray matter volume reductions in the right thalamus of male major depres-
sive disorder (MDD) patients (at the level of the ventral posteromedial and
the centromedian nuclei, peak atx,y,z = 10,-18,0; t = 4.79; p ewecorrected) =
.019). (B) White matter volume reduction in periventricular white matter
surrounding the anterior horn of the left lateral ventricle of old MDD pa-
tients (peakatx,y, z=-19,11,27;t = 4.68; P rwecorrected) = -024). Voxels with
p < .001 (uncorrected) are displayed. Color bar represents t value. L, left
hemisphere.
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Figure 3. Correlations in melancholic patients of gray matter volume with days to remission after treatment initiation (log transformed) and core Hamilton
Depression Rating Scale (HAM-D) symptoms superimposed on selected slices of a normalized brain. (A) Cluster of correlation between regional gray matter
volume and log (days to remission) located in the left postcentral (peak atx,y, z = -56,-19, 42; t = 4.50; r = —.48) and supramarginal (peak atx,y,z = - 62, -48,
26; t = 4.07; r = -.45) gyri (left) and in left hippocampus (peak at x, y, z = =18, -27, -11; t = 4.33; r = -.47; middle). The plot of the correlation between
hippocampal volume and log (days to remission) is displayed on the right. (B) Cluster located in the posterior cingulate-precuneus region (peak atx,y,z=-10,
-55,35;t = 4.83;r = .48) displayed on axial (left) and sagittal slices (middle). The plot of the correlation between regional volume and core HAM-D symptoms

is displayed on the right. Voxels with p <.001 (uncorrected) are displayed. Color bar represents t value. L indicates left hemisphere.

the left lateral ventricle (peak atx,y,z = -4, 20, 2; t = 4.02; r = -.64;
p < .0001). These findings did not interact with the presence of
hypertension or DM-II.

Clinical Correlations

Correlations of brain alterations with clinical data showed a
significant negative relationship between left insula volume and
the number of days to symptom remission after treatment initiation
(log transformed, r = —.39; p = .001). Further VBM regression anal-
yses (at p < .001, uncorrected), showed that “days to symptom
remission” was also negatively correlated with the volume of three
gray matter regions: the left postcentral and supramarginal gyriand
the left hippocampus (Figure 3A). In addition, core symptoms of the
HAM-D scale were positively correlated with gray matter volume in
the left posterior cingulate (Figure 3B). No further correlations be-
tween regional volumes and clinical data, including “global HAM-D
score,” “number of previous episodes,” and “time treated with anti-
depressants,” were observed.

Longitudinal Analyses

Left insula volume was not significantly different between the
two scan points [F(1,46) = 3.84; p = .06] in either patients or control
subjects [interaction: F(1,46) = 1.78; p = .19]. In contrast, white
matter volume of the upper brainstem tegmentum showed a dif-
ferent evolution between groups, with a volume decrease between
scans in patients and a volume increase in control subjects (Figure
4; see also Supplement 1, note 2).

Whole-brain analyses assessing for “group by time point” inter-
actions revealed that, at p <.001 (uncorrected), patients showed a
greater gray matter reduction between scan points in the right
lingual and the left caudal middle temporal gyri (Supplement 1,
Figure S1). Voxelwise correlations between longitudinal volume
changes and clinical variables revealed that the number of relapses
between scans was correlated with gray matter volume reductions
in the right middle occipital gyrus and the insular cortices bilater-
ally. We also observed a positive correlation with white matter
volume in the arcuate fasciculus (Figure 5; see also Supplement 1,
Table S3).
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Discussion

We used awhole-brainimaging approach to characterize structural
brain alterations in a large series of melancholic patients and identified
regional volumetric alterations in gray and white matter. The most
significant alterations were identified in regions not commonly as-
sessed in studies of general MDD samples (i.e., insula and brainstem).
Nevertheless, as discussed subsequently, such changes may relate to
the clinical and neurobiological features of melancholia. We also de-
scribed gender- and age-specific abnormalities and noted that the
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Figure 4. Box plot depicting white matter volume in the upper brainstem
tegmentum in baseline and follow-up acquisitions in melancholic patients
and control subjects. Interaction between group and time-point was signif-
icant at F(1,46) = 11.69; p = .001.
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Figure 5. Regions of correlation between longitudinal gray and white mat-
ter volume change and number of depression episodes between scans
superimposed on selected slices of a normalized brain. (A) Regions of gray
matter decrease between scans correlated with the number of depression
episodes were located in the right middle occipital gyrus (left and right
images), in the right insula (left), and in the left insula (right). (B) The region
of white matter increase between scans correlated with the number of
depressive episodes was located in the superior longitudinal fasciculus.
Voxels with p < .001 (uncorrected) are displayed. Color bar represents t
value. L indicates left hemisphere.

volume of specific limbic and neocortical areas correlated with clinical
measures. Our longitudinal study identified region-specific interac-
tions with age, as well as an association between the number of re-
lapses between scans and volume changes over time.

Cross-Sectional Findings

The left posterior insula was significantly reduced in melan-
cholic patients. The role of posterior insula in mood state has been
described in functional neuroimaging studies, which have reported
hyperactivity in the posterior part of the insula both in response to
sadness induction and in depressed subjects scanned at rest (35). In
conjunction with other limbic and paralimbic structures such as the
amygdala or the ventral anterior cingulate gyrus, it has been pro-
posed that the insula participates in the identification of the emo-
tional significance of stimuli, in the production of affective states,
and in autonomic response regulation (36). The posterior insula
processes somatosensory and interoceptive input from parietal
cortex and thalamic relay nuclei (37,38), regions that were also
related to melancholia in our study. In depressive patients, intero-
ceptive alterations have been frequently reported, including alter-
ations in nociception (39), interoceptive awareness (40) and body
perception (41), as well as a number of somatic complaints (42),
which, interestingly, seem to be particularly prevalent in melan-
cholic depression (43). Importantly, our findings, like prior research
(8,14), suggest that structural abnormalities may be lateralized to
the left insula. Considering the suggested role of the insula as
primary interoceptive cortex (38), this is indeed significant because
the left insula is a major recipient of parasympathetic input (44).
Combined with the fact that left hemisphere lesions enhance sym-
pathetic autonomic arousal and corticosterone response to stress
(45), such a finding suggests that an imbalance between the left
and right insular control of autonomic and endocrine function may
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contribute to the increased stress response observed in melancho-
lia (12,17). The relative success of vagal nerve stimulation in normal-
izing hypothalamic-pituitary-adrenal axis function in chronic de-
pression (46) would appear to support such notions.

We also observed a volumetric increase in the white matter of
the upper brainstem tegmentum. This region contains the fibers of
the reticular activating system and several nuclei such as the pon-
tine and midbrain raphe, the alteration of which is central to mono-
aminergic hypotheses of depression (47). In addition, this region
also contains the parabrachial nucleus, the main integration site of
interoceptive input in the upper brainstem (38), and neurons from
this area are critically involved in regulating CRH secretion through
bidirectional connections to the hypothalamus and limbic system
(12,48). Structural alterations in this region have been previously
reported in MDD, although the variety of measures reported (in-
creased T2-relaxation time (49), reduced echogenicity (50), and
increased mean diffusivity) (51) cannot be easily interpreted. Simi-
larly, the precise meaning of the white matter increase reported
here is not evident. Nonetheless, it is interesting to consider the
highly protracted cycle of myelination in this region, with active
myelination extending up to 70 to 80 years of age (52). If we con-
sider myelination to be a marker of tissue maturation associated
with neural activity (53,54), it is plausible that such structural
changes may have a functional origin. Indeed, hyperactivity in the
pons has been related to symptom severity in MDD (55).

Gender-Specific and Age-Related Effects

Male patients exhibited a volume decrease in the right thala-
mus. More precisely, the alteration was located in the region of the
ventral posteromedial and the centromedian nuclei, which receive
input from the upper brainstem and have been related to intero-
ceptive processing and arousal, respectively (38,56). The ventral
posteromedial nucleus projects interoceptive information to the
posterior insula, thus establishing a link between the upper brain-
stem and insular findings discussed earlier and suggesting an alter-
ation of central interoceptive circuitry in melancholia. Additionally,
alterations in the arousal system may be tentatively related to the
sleep-cycle disturbances typically described in melancholia (12), a
symptom more frequently observed in men (57). At present, there is
no clear explanation regarding the specificity of these findings to
male MDD patients, although gender-related structural alterations
are common in general MDD samples (3).

Age effects were observed as a volume reduction in periven-
tricular white matter specific to older patients. Although we ex-
cluded patients with MRI evidence of ischemic tissue damage and
neither the presence of hypertension nor DM-Il was associated with
this finding, it may reflect insidious white matter pathology, which
in late-life depression is normally of vascular origin (58). Such frontal
white matter abnormalities, in the region of premotor transcallosal
connections (59), may partially account for the psychomotor distur-
bances typically observed in older melancholic patients (19).

Clinical Correlations

Melancholic patients with smaller left hippocampal volumes
took longer to show symptomatic improvement after treatment
initiation. This finding agrees with reports of increased treatment
responsiveness in MDD patients with larger hippocampal volumes
(60,61). This association was also observed in the left posterior
insula and left postcentral and supramarginal gyri, two regions
providing primary and secondary somatosensory input to the pos-
teriorinsula (37). Regarding clinical severity, core HAM-D symptoms
were positively associated with posterior cingulate volume. Al-
though this was a somewhat unexpected finding, there are some
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precedents in the literature of enlarged posterior cingulate in MDD
(62), which may be related to alterations in default-mode network
activity recently reported in depression (63).

Longitudinal Findings

Our analysis of the longitudinal evolution of baseline alterations
revealed that increased upper brainstem white matter content in
melancholic patients was followed by a volumetric decrease at
follow-up, which contrasts with the relative white matter increase
between scans observed in control subjects. Considering the myeli-
nation cycle of the upper brainstem tegmentum (52), this finding
could be interpreted as an accelerated aging pattern of this region
in melancholia, reinforcing the notion that some abnormalities of
the melancholic brain interact with aging.

The interaction between brain alterations and aging was also evi-
dent in our longitudinal voxelwise analysis, which revealed two re-
gions of different volumetric evolution between groups. Caudal mid-
dle temporal gyrus alterations may relate to the functional
abnormalities observed in this region during the cognitive generation
of negative affect in MDD (64), whereas lingual gyrus findings fit with
the impairment shown by depressive patients in filtering irrelevant
visual information (65). In general MDD samples, however, other au-
thors have described a greater number of regions showing an abnor-
mal ratio of volume change over time (33). Beyond differences in sam-
ple selection, such a discrepancy might be explained by the fact that, in
our study, the effects of normal aging may have overshadowed antic-
ipated effects of depressive illness. Furthermore, at follow-up, our pa-
tients were in partial or full remission of symptoms, and longitudinal
gray matter volume reductions are normally expected to be higher in
nonremitted patients (33). Nevertheless, longitudinal volume de-
creases in occipital and insular regions were found to be significantly
correlated with the number of relapses between scans. The existence
of such correlations may support the notion of a “degenerative” basis
to brain volumetric changes in melancholia (20). It should, however, be
emphasized that such an interpretation may only partially account for
our findings, because baseline insular volume was not correlated with
the number of previous depression episodes and followed the same
pattern of atrophy across time as that seen in control subjects. Nor is
the finding of a positive correlation between the number of relapses
and the volume of the left arcuate fasciculus likely to be of a “degener-
ative” origin.

Our study does have certain limitations. First, tissue segmenta-
tion may have been affected by the relatively large slice thickness
and the use of nonisotropic voxels. This slice thickness was used
because, owing to the long-term follow-up nature of the study, MRI
data were obtained some years ago using a sequence with puta-
tively poorer tissue contrast than inversion recovery-prepared se-
quences obtained with multichannel head coils currently used in
most VBM studies. Secondly, it is possible that antidepressant treat-
ment may have influenced the reported volumetric measurements,
although we did not detect any significant association with time
under treatment. In addition, the selection of follow-up samples
was limited by factors such as the subjects’ general health condition
and willingness to repeat MRI examinations. Notwithstanding this,
original and follow-up samples differed only in one of the clinical
variables assessed. Finally, because we did not recruit a sample of
nonmelancholic MDD patients, our results cannot be considered
exclusive to melancholic depression. Such a comparison would be a
helpful complement to our findings.

In conclusion, this study reports anatomic findings that may com-
plement previous results from general MDD samples. The use of a
whole-brain approach and the clinical homogeneity of the sample
assessed here allowed us to identify structural abnormalities that are
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potentially related to relevant aspects of melancholia pathophysiol-
ogy, although other findings may better account for general features
of MDD. We have also identified gender-specific abnormalities and
provided data emphasizing the importance of assessing interactions
with age to characterize brain alterations fully in melancholia. Interest-
ingly, the reported data may well support the notion of a degenerative
nature of some of the alterations found in melancholic patients.
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Supplemental Information

Table S1. Reasons for follow-up discontinuation

Change of Onset of a Refusal to Poor image
Death medical center new serious undergo ualit ong
and/or change medical further MRI q y
. o second MRI
of residence condition exams
Patients gsubjects 5o subjects  2subjects  5subjects 2 subjects
(3 suicides)
Controls 2 subjects 10 subjects 2 subjects 6 subjects --

MRI, magnetic resonance imaging.

Table S2. Global tissue volumes in melancholic patients and control subjects

Mean + SD (ml) tar=108 P
Gray matter
Patients 572 + 56
0.2 0.841
Controls 570+ 53
White matter
i +
Patients 438 £ 58 0.51 0.613
Controls 432 £+ 58

df, degrees of freedom; SD, standard deviation.

Table S3. Pearson’s correlations of gray and white matter regional volumes with the number of depression
episodes between the two scan points.

Peak Coordinates (mm) *

X y z tvalue® rvalue Number of voxels Anatomical location
Gray matter decreases
28 -96 1 5.21 -0.71 2469 Right Middle Occipital Gyrus
43 -17 1 4.87 -0.68 675 Right Insula
-38 -5 14 4.02 -0.61 315 Left Insula
White matter increases
-35 11 16 4.37 0.64 727 Left Superior Longitudinal Fasciculus

? Coordinates (x,y,z) refer to the standard MNI stereotactic space.

® All values are significant at p < 0.001, uncorrected.
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Figure S1. Regions of greater gray matter volume reduction between scans in melancholic patients in
comparison to control subjects at an uncorrected threshold of p < 0.001 superimposed on selected
slices of a normalized brain. Clusters were located in the lingual gyrus of the right hemisphere
(displayed on the left; peak at x, y, z = 14, -93, -2; t = 4.25), and in left caudal middle temporal gyrus
(displayed on the right; peak at x, y, z = -45, -62, 9; t = 3.86). Voxels with p < 0.001 (uncorrected) are

displayed. Color bar represents t value.
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Supplemental Note 1

Findings located outside the cerebrum were confirmed by means of region of interest (ROI) analyses.
We studied both volume and signal intensity changes. Volumes of two brainstem regions (midbrain
and pons) were obtained according to published methods (1) using an auxiliary workstation (Ultra 60;
Sun Microsystems, Mountain View, CA) with commercially available software (Advantage Windows,
version 4.0; GE Medical Systems). Intensity measures were obtained from two 6 mm radius spheres
approximately located in the upper brainstem tegmentum (the region where voxel-based
morphometry between-group differences were reported) and in the ventral-inferior pons (above the
inferior pontine ‘notch’). After controlling for global volume, pontine volume was significantly larger in
melancholic patients (patients (mean £ SD) = 19.4 + 1.7 ml; controls (mean £ SD)=18.5+ 1.8 ml; t =
2.54, p = 0.012). There were, however, no between-group differences in midbrain volume (patients
(mean £ SD) = 5.2 £ 1.3 ml; controls (mean + SD) =4.9 + 1.3 ml; t = 0.29, p = 0.775). Likewise, after
controlling for global signal, the mean signal in the upper brainstem tegmentum sphere was
significantly larger in patients than in controls (patients (mean + SD) = 119.93 + 16.50; controls (mean
+ SD) =111.07 £ 10.28; t = 3.49, p = 0.001), whereas the mean signal in the ventral-inferior sphere
did not differ between groups (patients (mean £ SD) = 121.59 £ 17.57; controls (mean = SD) = 115.33

+11.01; t=0.47, p = 0.641).

Supplemental Note 2

We did not observe a significant group x time point interaction in relation to ROl based volumetric
measures (pons or midbrain). On the contrary, signal intensity in the upper brainstem tegmentum
showed a significant group x time point interaction (patients, 1% MRI (mean £ SD) = 119.98 + 8.80;
controls, 1% MRI (mean + SD) = 111.29 + 13.62; patients 2" MRI (mean £ SD) = 115.27 £ 10.03;
controls, 2" MR (mean £ SD) = 115.60 + 8.19; interaction, t = 2.07, p = 0.044) that was not observed

in the ventral-inferior pons.

1. Schulz JB, Borkert J, Wolf S, Schmitz-Hiibsch T, Rakowicz M, Mariotti C, et al. (2010):
Visualization, quantification and correlation of brain atrophy with clinical symptoms in

spinocerebellar ataxia types 1, 3 and 6. Neuroimage 49:158-68.
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3.4. ESTUDI 3: OBJECTIUS | RESULTATS

3.4.1. Objectius

Estudiar quins factors neurofuncionals i neuroestructurals estan relacionats amb la resposta

clinica a I'estimulacié magneética transcranial repetitiva (EMTr) en pacients amb TDM.

3.4.2. Resultats

3.4.2.1. En els pacients tractats amb EMTr s'observa una relacié entre la reduccid
post-tractament en la puntuacié a I'Escala de Depressié de Hamilton (HAM-D) i
I'activitat cerebral pre-tractament a I'escorca cingulada ventral anterior, I'escorca
orbito-frontal medial esquerra (mEOFe), el gir frontal mig de I'hemisferi dret, i la

porcid ventro-caudal del nucli putamen esquerre.

3.4.2.2. El volum de la mEOFe correlaciona amb el percentatge de reduccié post-

tractament de la HAM-D.
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3.4.3. Publicacid

R Hernandez-Ribas, J Deus, J Pujol, C Segalas, J Vallejo, JM Menchén, N Cardoner, C Soriano-
Mas. Identifying Brain Imaging Correlates of Clinical Response to Repetitive Transcranial
Magnetic Stimulation (rTMS) in Major Depression. Brain Stimulation (en premsa)

Factor d'impacte = 4,964.

JCR 2010 = 1r quartil, nimero 41/239 (Neurociéncies).
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ABSTRACT

Background: Partial response and non-response to treatments are common problems in major
depression. The identification of biological markers of clinical response may be of special
interest for some adjunctive treatments, such as repetitive transcranial magnetic stimulation
(rTMS), as it may ultimately improve their cost-effectiveness.

Objective: To identify pre-treatment functional imaging correlates of clinical response to rTMS in
major depression.

Methods: We evaluated 21 depressed patients. They were randomized to receive 15 sessions
of active or sham rTMS on the left dorsolateral prefrontal cortex. Functional magnetic resonance
imaging (fMRI) was used to assess pre-treatment regional brain activity evoked by a word
generation task. These regional activations were correlated (voxel-wise) with the Hamilton
Rating Scale for Depression (HAM-D) reduction between baseline and end of treatment. A
group of 13 healthy controls was also assessed using the same fMRI protocol to obtain
reference imaging measurements.

Results: At the end of treatment, the percentage of patients with a HAM-D reduction greater
than 50% was larger in the active than in the sham rTMS group (70% vs. 27.3%). In the active
rTMS group, larger HAM-D reductions were significantly correlated with smaller deactivations
during pre-treatment fMRI assessment in the anterior cingulate, the left medial orbitofrontal and
the right middle frontal cortices, in addition to larger activations in the left ventral-caudal
putamen.

Conclusions: These results suggest that brain activity in regions arguably relevant for major
depression may predict clinical response to rTMS. This approach may help in identifying

the most suitable candidates to undergo rTMS treatment.



INTRODUCTION

Maijor depression is a disabling mental condition with an estimated lifetime prevalence between
6 and 17% in community samples (1, 2). According to STAR-D (Sequenced Treatment
Alternatives to Relieve Depression), cumulative remission rate in major depression is
approximately 67% after four treatment interventions which include switching and augmentation
strategies (3). Therefore, partial response and non-response to antidepressant medication are
common problems which entail significant health, social, and economic burdens (4).
Importantly, it is also unclear why some depressive patients respond well and others respond
poorly to the same treatment. For this reason, in recent years several biological correlates of
response to antidepressant drugs or cognitive-behavioral therapy have been studied, including
genetic, biochemical, electroencephalographic and neuroimaging data. The existence of such
markers may eventually help in optimizing patient management by selecting the most adequate

treatment strategies for particular subgroups of subjects.

Neuroimaging studies have suggested that structural alterations both in gray and white matter
may be valuable predictors of antidepressant response. Thus, gray matter volume reductions in
the insula, the anterior cingulate, or the hippocampus have been related to a slower symptom
recovery after treatment initiation (5, 6). Likewise, in geriatric depression, low remission rates
have been related to the presence of several white matter abnormalities, such as periventricular
and subcortical hyperintensities (7, 8) or microstructural alterations surrounding the anterior

cingulate cortex (9).

Functional neuroimaging has also been used to predict antidepressant treatment response. On
the one hand, studies assessing brain activity at rest using positron emission tomography
(18FDG-PET) have found a well-established correlation between clinical improvement and
pretreatment activity in the prefrontal (10, 11) and the anterior cingulate (10, 12) cortices. On
the other hand, functional magnetic resonance imaging (fMRI) assessments conducted during
the performance of tasks known to be specifically altered in depressive samples have enabled

the evaluation of brain systems putatively relevant to the disorder. In addition, fMRI allows us to



assess the predictive value of both signal increases (i.e., activations) and decreases (i.e.,
deactivations) observed during task performance in comparison to rest. In this sense, using
different tasks, pretreatment activations in the anterior cingulate cortex (5, 13, 14), the
ventromedial and dorsolateral prefrontal cortices (15, 16), the right parietal operculum and the
fusiform gyrus (17), and the amygdala (18) have been shown to correlate with treatment
response, while pretreatment deactivations in subgenual anterior cingulate cortex during a pain-

induction paradigm have also been related to a better response to treatment (16).

The identification of biological markers of treatment response may be of special interest for
those adjunctive treatments, such as repetitive transcranial magnetic stimulation (rTMS), in
which efficacy is expected to be greater in particular subgroups of subjects (19, 20). Although
biological markers may help in identifying the most suitable candidates to benefit from the
treatment, very few studies have analyzed which biological markers predict rTMS treatment
efficacy. In the case of neuroimaging, studies have identified an association between treatment
response and regional brain metabolism, involving prefrontal cortex (21-24), anterior cingulate
cortex (25) and amygdala (26). Likewise, treatment response has been associated to higher

baseline task-evoked activations in left middle and right inferior frontal gyri using fMRI (27).

The aim of this study was to identify pre-treatment functional imaging correlates of clinical
response to rTMS aimed at the left dorsolateral prefrontal cortex (DLPFC) using a cognitive
fMRI assessment based on a word generation task. Specifically, we used a phonologically
guided verbal fluency task on the grounds of its procedural simplicity and reliability, and the fact
that it evokes a widespread pattern of activations and deactivations involving regions usually
reported to be altered in depression, such as a large area of the frontal and part of the temporal
cortices and related subcortical structures (28-32). Indeed, verbal fluency alterations have been
reported in depressive samples both at the behavioral (33) and imaging level (34, 35). After a
baseline fMRI assessment, patients were treated with active or sham rTMS for a total of 15
sessions. After this period, response to treatment was quantified and correlated with brain

activations and deactivations observed before treatment initiation.



METHODS AND MATERIALS

Subjects

We assessed 21 depressive patients (16 women) consecutively recruited when referred to the
Mood Disorders Unit of the Bellvitge University Hospital. This was a group of outpatients (mean
age+SD=46.52+7.84 years), all right-handed, with non-psychotic major depressive or bipolar
disorder who had not responded to at least one trial of an adequate depression treatment. All
patients had received stable pharmacological treatment for at least 6 weeks, which remained
unchanged during the study period. Patients met DSM-IV criteria for major depressive episode
according to the Structured Clinical Interview for DSM-IV Axis | Disorders-Clinician Version
(SCID-CV) (36). Clinical diagnosis was independently confirmed by two senior psychiatrists.
Severity of depression was assessed by means of the Hamilton Rating Scale for depression
(HAM-D, 21 item version (37)). At inclusion, the mean HAM-D score was 18.05+3.45, the mean
duration of illness was 11.31+£7.41 years, and the mean duration of the episode in progress was
13.851£18.32 months. Exclusion criteria were presence or past history of other axis | diagnoses
(assessed by means of the SCID-CV), presence or past history of neurological or other serious
medical conditions (assessed by means of medical history), abnormal MRI upon visual
inspection, and presence of any factor preventing MRI acquisition (according to an in-house

questionnaire).

Thirteen healthy control subjects (11 women) from the same sociodemographic environment
were also evaluated to obtain reference imaging measurements. A detailed medical history and
a psychiatric interview were performed before inclusion. Control subjects were of a similar age,
gender distribution and educational level to the patient group. Table 1 displays the
sociodemographic characteristics of the study groups, and Table 2 displays the clinical features

of depressive patients.

All subjects gave written informed consent to participate in the study, which was approved by
the local ethics committee and was performed according to the ethical standards of the

Declaration of Helsinki.



Study design and TMS protocol

Depressive patients were randomized to receive active or sham rTMS conditions according to a
double-blind design: 10 subjects (8 women) received active rTMS and 11 subjects (8 women)
received sham treatment. All patients underwent a single fMRI session the day before treatment
initiation. Control subjects underwent an fMRI session identical to that of depressive patients,
but no treatment or follow-up was conducted. On the first day of rTMS treatment, the motor
threshold was determined by identifying the minimum intensity that induced a visible movement
of the flexed right thumb during the stimulation of the left motor cortex. Subsequently, the
treatment stimulation site (left DLPFC) was determined as the point located 5 cm anterior to the
optimal site for inducing thumb movement along a parasagittal line (38). The investigators
marked the locations of interest (stimulation site, optimal site to induce thumb movement, and
reference points such as the ear and the eyebrows) on a Lycra swim cap to facilitate the
location of stimulation sites in posterior sessions (39). rTMS was administered by a trained
psychiatrist over the left dorsolateral prefrontal cortex using a Magstim Rapid stimulator
(Magstim Company, Ltd, Whitland, UK) with a figure-eight coil. Twenty 5-second trains (with a
60-second interval between trains) at a frequency of 15 Hz were administered, giving a total of
1500 TMS pulses per session. Patients received 15 sessions (5 sessions per week for 3 weeks)
at an intensity of 100% of the motor threshold in the active rTMS condition. Sham rTMS was
delivered at the same anatomical location but with the coil placed perpendicularly to the scalp
and with a stimulation intensity of 15% of the motor threshold. A trained psychiatrist, blind to the
rTMS condition of each patient, administered the HAM-D scale at baseline and on a weekly

basis until the end of the rTMS treatment.

fMRI procedure

Image acquisition and preprocessing

The MRI examination was carried out the day before the rTMS treatment was begun using a

1.5-T Signa system (GE Medical Systems, Milwaukee, WI) equipped with a standard quadrature



head coil, echo-speed gradients, and single-shot echoplanar imaging software. Image
acquisition parameters were: TR 3000 ms, TE 50 ms, pulse angle 90°, matrix of 96x64 pixels
within a 24cm field of view, and slice thickness of 5mm with an interslice spacing of 2mm. Eight
interleaved slices, parallel to the anterior—posterior commissure line, were obtained to cover the
whole frontal lobe from the brain vertex to the frontal operculum. The functional time series
consisted of 120 consecutive images acquired during a period of 6 minutes with alternating 30-
second on/off blocks. For structural MRI we obtained a sixty-slice 3-D SPGR sequence in the
sagittal plane (TR 40ms, TE 4ms, pulse angle 30°, field of view 26cm, matrix size 256x192

pixels, and section thickness of 2.5mm).

Images were processed on a Microsoft Windows platform running MATLAB 7.0 (The

MathWorks Inc, Natick, Mass) and SPM5 software (http://www.fil.ion.ucl.ac.uk/spm/). For each

subject, motion correction of functional images was performed by realigning all volumes to the
first volume of the time-series. Subsequently, these realigned volumes were co-registered
(using rigid-body transformations) to the structural 3-D image of the same subject, which was

then normalized (using affine and non-linear transformations) to the SPM T1 template.

Normalization parameters were applied to the realigned and co-registered functional volumes,
which were re-sliced into 2mm isotropic voxels and finally smoothed with an 8mm full width at
half maximum (FWHM) Gaussian kernel. In parallel, structural MRIs were spatially normalized
and segmented into gray matter, white matter and cerebro-spinal fluid segments using the

unified segmentation approach (40). Resulting image segments were smoothed with a 12mm

FWHM Gaussian kernel.

Word generation task

During the six-minute fMRI acquisition all subjects performed a phonologically-guided word
generation task following a block design in which 30-second periods of rest and activation were
alternated using an ABABABABABAB epoch succession. The task employed in our study was
based on the Controlled Word Association Test (COWAT,(41)). Specifically, during activation

blocks, subjects were required to generate words beginning with the letters ‘F’, ‘A’ or ‘S’. Each



letter was used twice in non-consecutive activation blocks according to a pseudo-random
ordering. Participants were trained before imaging acquisition to articulate the words in their
entirety but silently, with only slight tongue movements (“subvocal” responses). During rest
blocks subjects were instructed to relax (i.e., stop generating words and keep their minds

blank).

Statistical Analyses

Sociodemographic and clinical data

Sociodemographic and clinical data were compared between groups within SPSS (v.15.0) using
)(2 tests for categorical variables and Kruskal-Wallis and Mann Whitney’s U for continuous
variables. Within the patient group, the variable “HAM-D reduction” was computed by
subtracting the HAM-D score at the end of treatment from the HAM-D score at baseline.

Significance threshold was set at p<0.05.

Imaging data

Imaging data were analyzed using SPM5. Regarding functional data, first-level (single-subject)
SPM contrast-images were estimated for the contrast word generation > rest. In these analyses,
the blood oxygen level-dependent (BOLD) response at each voxel was modeled using a
canonical hemodynamic response function (with a 128-s high-pass filter). The resulting first-

level contrast images were then carried forward to second-level random-effects group analyses.

In second-level group analyses, with the aim of delineating brain regions related to task
performance, we firstly assessed for common, across-group brain activations and deactivations
evoked by the task (Figure 1). Next, to assess for neuroimaging markers of rTMS treatment
efficacy, HAM-D reduction was introduced as a covariate of interest in an SPM linear regression
analysis aimed to evaluate correlations of this variable with voxel-wise activations and
deactivations during word generation. Our analysis strategy was intended to detect brain
regions whose activity was related to HAM-D reduction specifically in active rTMS patients. In

addition, given the limited number of subjects per group, we also sought to balance between



Types | and Il error rates. Therefore, regions showing a positive correlation with HAM-D
reduction in active rTMS patients were identified, at a whole-brain level, using a p<0.01
(uncorrected) significance threshold with an extent threshold of 10 voxels. Subsequently,
restricting the analysis to the identified regions (i.e., masking-out non-significant voxels), we
tested for the existence of between-group (active rTMS vs. sham) differences in the correlation
between HAM-D reduction and brain activity using a p<0.05 significance threshold. In addition,
using a three-group full factorial model, we assessed (across groups) whether each region was
activated or deactivated during word generation, and we searched for potential between-group
(patients vs. controls) differences within these regions. Regarding structural data, similar to
functional analyses, potential interactions with treatment condition in the correlation of HAM-D
reduction with voxel-wise gray matter volumes and between-group differences in regional gray
matter volume were assessed. These analyses were performed both at the whole-brain level
and restricted to the regions where significant findings were detected in the analyses of

functional data.

RESULTS

Socio-demographic and clinical data

Depressive patients did not differ from controls in any of the sociodemographic variables
assessed. Within the patients’ sample, sham rTMS subjects were significantly older than active
rTMS subjects (Table 1). To control for this difference, in all subsequent analyses age was
introduced as a confounding covariate. As for clinical data, the only significant between-group
difference was detected in the baseline HAM-D score, which was higher in the active rTMS
group (Table 2). This variable, however, was not controlled for in subsequent analyses since we
used HAM-D reduction as the main outcome clinical measurement. Although no significant
between-group differences were detected in the percentage of HAM-D reduction at the end of
treatment (54.6% in active rTMS group vs. 38.3% in sham rTMS group), the proportion of
patients with clinical response (HAM-D reduction from baseline greater than 50%) was

significantly larger in the active rTMS group (70%) than in the sham group (27.3%) (Table 2).



Imaging data

As expected, the phonologically-guided verbal fluency task evoked a widespread pattern of
activations and deactivations. Activations were mainly located in the frontal cortex and related
subcortical structures, while the deactivation pattern basically depicted the default mode
network, including the medial frontal cortex, the posterior cingulate cortex and the angular gyri
(Figure 1). To ensure all study subjects were actually engaging in the task, we made a subject-
wise verification of first-level data, detecting significant task-related prefrontal activations in all
cases. In second-level analyses, we did not observe significant between-group differences in
any pair-wise comparison (involving active rTMS patients, sham rTMS patients and healthy
controls) at the whole brain level. Likewise, bipolar patients did not differ from the other

depressive subjects in terms of their task-evoked activation patterns.

Within the active rTMS group, HAM-D reduction at the end of treatment was positively
correlated with pre-treatment activation during task performance in the left medial orbitofrontal
cortex (BA 11), the right perigenual cingulate cortex (BA 24/32), the right middle frontal gyrus
(BA 46), and the left ventral-caudal putamen. These correlations were significantly higher in

patients who received active rTMS than in sham rTMS patients (Table 3 and Figure 2).

Subsequently, we studied (across groups) whether these regions were activated or deactivated
during task performance. While the left ventral-caudal putamen (t= 2.39; p=0.012) was activated
by the task, the left medial orbitofrontal (t= 3.38; p=0.001), the right perigenual cingulate (t=
8.31; p<0.0005) and the right middle frontal (t= 2.84; p=0.004) cortices were deactivated during
task performance (Figure 1). Consequently, positive correlations observed between HAM-D
reduction and brain activity in areas activated by the task (i.e., ventral-caudal putamen) should
be interpreted as larger task-induced activations in subjects with greater symptomatic
improvement, while positive correlations with brain activity in deactivated areas should be
construed as smaller task-induced deactivations in subjects with larger symptomatic reduction.
Finally, we assessed for potential between-group (depressive vs. healthy controls) differences

in brain activity within these regions. The only significant difference was observed in the right
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middle frontal gyrus, which was hyperactivated (i.e., less deactivated) in depressive patients in
relation to healthy controls (t= 3.91, p<0.0005). Introducing the diagnosis (bipolar vs. unipolar)
as a nuisance covariate marginally modified the above results. However, when the analyses
were repeated excluding bipolar patients, the correlation between HAM-D reduction and left

ventral-caudal putamen activation was no longer significant (t=1.07; p=0.143).

Regarding structural data, we found no significant findings at the whole-brain level. Restricting
these analyses to the above regions, we observed a positive correlation of the left medial
orbitofrontal cortex (BA 11) volume with HAM-D reduction in patients who received active

treatment. This finding was not observed in the sham group (interaction: t=3.62; p=0.001).

DISCUSSION

Our findings show that pretreatment regional brain activity during word generation is correlated
to treatment response to rTMS in depressive patients. Specifically, we found that larger
reductions in depressive symptoms following three weeks of rTMS treatment were significantly
correlated with smaller deactivations in the right perigenual cortex, the left medial orbitofrontal
cortex and the right middle frontal cortex, as well as with larger activations in the left ventral-
caudal putamen. Therefore, an initial conclusion that may be drawn from our results is that fMRI
allows us to assess the value of task-evoked activations and deactivations as markers of
treatment response. Furthermore, the correlations with clinical outcome were observed in a
group of interconnected brain regions, involving prefrontal and ventrostriatal areas, which
constitute an important cortical-subcortical network related to mood regulation and associated

functions (42-44).

Different sources of evidence have suggested that activity in the anterior cingulate cortex may
be related to treatment response. Neuroimaging studies assessing depressive subjects have
suggested that baseline hyperactivity and increased task-induced activations in the pregenual
and subgenual anterior cingulate cortices are significant predictors of response to various

antidepressant interventions including pharmacotherapy (5, 12, 13, 16, 45-47) (but see (48)),
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sleep deprivation (49), rTMS (25) or cingulotomy (50). This idea has been confirmed in a recent
meta-analysis of 23 studies of depressive samples showing a positive relationship between
increased rostral anterior cingulate activity and treatment response across different treatment
strategies and imaging modalities (51). Interestingly, the anterior cingulate cortex has been
associated to treatment response not only in major depression, but also in anxiety conditions
such as obsessive-compulsive (52, 53), generalized anxiety (54, 55) or post-traumatic stress
(56) disorders, suggesting an unspecific involvement of anterior cingulate activity in the

prediction of treatment response across different disorders.

The positive relationship between reduced deactivations in the right perigenual cortex and
HAM-D reductions detected in our study may be in line with these notions. According to
previous reports, increased levels of activity and functional connectivity are expected in
prefrontal and anterior cingulate cortices of subjects with depression (57-59), and, in this
context, the reduced deactivations observed during task performance may be better explained
by a high level of baseline activity than by a deficit in task-related deactivations. On the basis of
such an argument, our findings may diverge from studies suggesting that hypometabolism (48,
60, 61) and decreased task-induced activity (18, 62) in the anterior cingulate are significant
predictors of treatment response. These apparently discordant results may reflect
methodological differences between studies, such as the use of different protocols (e.g.,
emotional tasks) or imaging procedures. Nevertheless, it is also important to note that different
treatment strategies may depend on different mechanisms of action (61, 63, 64). Indeed, it has
been proposed that different ACC subdivisions may be related to treatment response as a
function of treatment modality (51). Specifically, psychotherapy and pharmacotherapy may be
targeting different brain regions related to top-down and bottom-up regulatory effects,

respectively (18, 65).

Beyond the anterior cingulate cortex, much less is known about the putative role of the other
regions identified in this study as correlates of treatment response. As for the orbitofrontal
cortex, some studies have suggested that pretreatment hypometabolism (66) and altered

functional connectivity with the motor cortex, the caudate nuclei, the thalami and the cerebellum
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(67) may be useful biomarkers of antidepressant response, as may also be the case with
decreased deactivations of the right middle frontal gyrus during painful heat stimulation
paradigms (16). Likewise, putaminal hypometabolism has also been suggested to be a
biomarker of response in depressive samples (66), although, in the present study, this finding
was no longer significant following the exclusion of bipolar patients. Although this may be due to
the reduced number of patients remaining in the analyses, it is possible that the brain imaging
correlates of rTMS response partially depend on the type of mood disorder. Nevertheless, all
these regions have been consistently related to major depression in functional neuroimaging
studies, indicating that, beyond their putative role as correlates of treatment response, they are
indeed relevant to the disorder (68-70). Moreover, for all these regions there are also reports of
structural alterations (i.e., volumetric reductions) in depressive samples (71-75) although,
according to the results reported here, the volume of the left medial orbitofrontal cortex is the
only significant correlate of a symptomatic reduction after a rTMS treatment. This partial lack of
coincidence between functional and structural data suggests that these are indeed independent

outcome measurements.

Phonemic verbal fluency tasks such as the one used here involve executive-prefrontal
functions, thus targeting cognitive domains putatively altered in depression. Specifically, brain
activations evoked by phonemic verbal fluency tasks depend on the operations concerned with
the generation of sound sequences as opposed to the amount of produced words or their
semantics (31), and, in this sense, such tasks allow us to assess brain activity independently
the performance level, which, in depression, may be hampered by other factors such as a low
processing speed or other executive deficits. Consequently, we did not assess performance
while carrying out the task, although such an independent measure would have permitted
further control of confounding factors. Interestingly, however, on the basis of our imaging
findings, we may conclude that task-evoked activity within this network should not differ
between depressed subjects and healthy controls. Such a finding, which is partially in
disagreement with our initial expectations (28, 29), suggests that variations in the brain
processes supporting the generation of sound sequences may still be good correlates of clinical

response to DLPFC stimulation even if they are within the normal range. Additionally, despite
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the cognitive nature of the task, the pattern of task-evoked alterations/deactivations obtained
was not restricted to dorsolateral prefrontal regions, as we also observed correlations with
treatment response in regions supposedly related to emotional processing (e.g., perigenual

cingulate cortex).

Our study does, however, have certain limitations. Regarding study subjects, our sample size
was relatively small, and although our results are in agreement with previous research, it would
be important to replicate and extend these findings using a larger subject sample. Also, the
existence of a concomitant drug therapy for both patient groups may have influenced the
results. Nevertheless, as drug treatment status was not significantly different between sham and
active rTMS groups and we observed no correlation between brain activity in the
abovementioned regions and HAM-D reduction in sham rTMS subjects, our findings do seem to
specifically refer to the rTMS treatment. Regarding rTMS protocol, the dorsolateral prefrontal
cortex could have been more accurately located using neuronavigation-assisted approaches
(76), leading to potentially more reliable imaging correlates of treatment response.
Nevertheless, the use of the ‘5-cm rule’ is not uncommon in present-day clinical trials assessing
antidepressant response to rTMS (77-79). Finally, regarding the MRI acquisition protocol, we
did not cover the whole brain. In any case, we assessed the whole frontal lobe from the brain
vertex to the frontal operculum, thus including all brain areas relevant to the word generation

task.

In summary, we have shown that pre-treatment MRI assessments may be useful in identifying
biological markers of clinical response in depressed patients treated with rTMS. More
specifically, our results suggest that brain structure and function (activations and deactivations)
in brain regions relevant to emotional processing are good correlates of clinical response to an
rTMS treatment in depressive subjects, even when a cognitive protocol is used. Further
research is needed to elucidate the nature of the relationship between brain activity within these
regions and the clinical outcome. Tentatively, activity within the brain regions identified here
may relate to patients’ neural resources for rebalancing or normalizing brain function

subsequent to treatment administration. Given the paucity of biological markers of response to
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treatments such as rTMS, these findings are expected to contribute to the delineation of the
most suitable candidates within depressive samples that may benefit from the application of

rTMS (19, 20), which may ultimately lead to an increase in the cost-effectiveness of the

treatment.
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Table legends.

Table 1. Socio-demographic characteristics of the study sample
Table 2. Clinical characteristics and treatment status of depressed patients
Table 3. Correlations (and between-group interactions) of BOLD activity during F-A-S

performance with HAM-D reduction at the end of treatment

Figure legends.

Figure 1. Upper row: Regions of activation during the verbal fluency task across the three study
groups. Lower row: Regions of deactivation during the verbal fluency task across the three
study groups. Results are overlaid onto a normalized T1 image. Voxels are displayed at p<0.05
(uncorrected) to provide a full description of the brain regions related to task performance. R
denotes right hemisphere. x, y, z refer to the coordinates in standard MNI stereotactic space.

Color bar represents T value.

Figure 2. Left: regions showing a positive correlation with HAM-D reduction in active rTMS
subjects (left). These correlations were not observed in the sham rTMS group. Right: plot of the
correlation between brain activity and HAM-D reduction for one representative region (right
perigenual cingulate cortex). Results are overlaid onto a normalized T1 image. Voxels are
displayed at p<0.05 (uncorrected) to facilitate anatomical localization of findings. R denotes right
hemisphere. X, y, z refer to the coordinates in standard MNI stereotactic space. Color bar

represents T value.
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Table 1

Table 1. Socio-demographic characteristics of the study sample

Depressed patients (n=21) ® Healthy controls (n=13)
Socio-demographic variable  Active rTMS group (n=10)  Sham rTMS group (n=11)
Mean (SD) Mean (SD) Mean (SD)
Age, years " 42.60 (5.56) 50.09 (8.11) 46.31 (7.34)
n (%), women n (%), women n (%), women
Gender 8 (80%) 8 (72.7%) 11 (84.6%)

rTMS, repetitive Transcranial Magnetic Stimulation.
@ The subgroup of bipolar patients was representative of the whole depressive sample (Wilcoxon signed-rank test
[age] and x* test [gender]).
b p<0.05 between Active rTMS and Sham rTMS groups. No further differences were observed between

groups.



Table 2

Table 2. Clinical characteristics and treatment status of depressed patients

Statistical
n . Active rTMS group Sham rTMS group
Clinical variable _ _ Value®
(n=10) (n=11) (P value®

Diagnosis: unipolar (UP) and bipolar (BP)® depression, n 5UP/5BP (3 BP-1/2BP-Il) 10 UP / 1BP (BP-I) 4.29 (0.063)
Duration of iliness, meantSD (range), years 11.05 + 7.1 (0.58-25) 11.54 + 8.0 (2-30) 52.5(0.8)
Duration of current episode, mean+SD (range), months 14.35 + 21.6 (1-60.83) 13.40 + 15.85 (2-48.67) 51.5(0.8)
HAMD; score at inclusion, mean+SD 19.70 £ 3.8 16.55+2.4 26 (0.038)
HAMD;, score after 1 week of treatment, mean+SD 17.00 + 3.59 14.00 £ 5.12 38 (0.251)
HAMD,, score after 2 weeks of treatment, mean+SD 13.30 £ 5.03 12.00 £ 5.69 51.5 (0.809)
HAMD;, score at end of treatment, mean+SD 8.70 + 5.056 1045+ 4.7 37 (0.22)
HAMD;, reduction 1 (inclusion-1st week), mean+SD 2.70+2.80 2.54+4.13 45.5 (0.5)
HAMD;4 reduction 2 (inclusion-2nd week), mean+SD 6.40 +4.35 4.54 +4.61 40.5 (0.3)
HAMD;, reduction 3 (Inclusion-end of treatment), mean+SD 9.80 + 6.64 5.55+4.18 32.5(0.1)
Subjects with HAMD_, reduction = 50% (after 1 week),n(%) 0 (0%) 1(9.1%) 0.95 (0.34)
Subjects with HAMD,; reduction = 50% (after 2 weeks),n(%) 3 (30%) 3 (27.3%) 0.019 (0.89)
Subjects with HAMD4 reduction = 50%(end of treatment),n(%) 7 (70%) 3 (27.3%) 3.83 (0.05)
Treatment Status
Stable medication (>6 weeks) at inclusion, n(%) 3.61 (0.46)

SSRI 3 (30%) 3 (27.3%)

SSRI with others ° 2 (20%) 2 (18.2%)

Venlafaxine 0 (0%) 3 (27.3%)

Venlafaxine with others ¢ 3 (30%) 1(9.1%)

Other treatments ° 2 (20%) 2 (18.2%)

Abbreviations: HAMD34, Hamilton Rating Scale for Depression (21 items version); SSRI, Selective Serotonin Reuptake

Inhibitors

@ Active rTMS sample compared to sham rTMS sample (Mann-Whitney test for continuous variables, )(2 test for categorical
variables).

® Two-tailed.

° The subgroup of bipolar patients was representative of the whole depressive sample in all baseline measurements (Wilcoxon
signed-rank test).

9 Other treatments; antidepressants: imipramine, clomipramine, amitriptiline, mirtazapine or trazodone; mood stabilizers (see
Note1): lithium, lamotrigine or valproic acid; and olanzapine (see Notez). Occasional benzodiacepine intake was allowed for sleep
induction.

' Four patients were taking mood stabilizers. All of them were taking lithium, two were also taking lamotrigine and one valproic acid.
2Two patients were taking olanzapine in combination with venlafaxine.



Table 3

Table 3. Correlations (and between-group interactions) of BOLD activity during F-A-S performance with
HAM-D reduction at the end of treatment

Peak Coordinates

12

-18

42

36

46

50

-2

14

-2

Statistical Value

t correlation®

2.41

2.58

4.23

4.49

Anatomical Location

t interaction**

2.51 Left ventral-caudal putamen
3.54 Right perigenual cingulate cortex
4.41 Left medial orbitofrontal cortex
3.30 Right middle frontal gyrus

The statistic is Student-Fisher's T .

space.

*p< 0.0 1; **p< 0.05.

Coordinates (x,y,z) refer to the standard MNI stereotactic
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4. DISCUSSIO

Els resultats obtinguts recolzen les hipotesis plantejades en aquesta tesi doctoral, segons les
guals els pacients amb un trastorn depressiu major presentarien alteracions neuroestructurals
i neurofuncionals lligades a variables cliniques, evolutives i de resposta a tractament. Aixi
doncs, als estudis presentats en aquesta investigacid s’han descrit fenotips de neuroimatge
vinculats a caracteristiques cliniques especifiques de subtipus depressius com la depressio que
apareix en el decurs d’un trastorn obsessiu-compulsiu i la depressié malenconiosa. lgualment
s’han detectat caracteristiques neuroestructurals i neurofuncionals relacionades amb
variables evolutives com el nimero de recurréncies i el temps per assolir la remissio

simptomatica o amb la resposta al tractament antidepressiu.

4.1. ESTUDI 1: Estudi de les alteracions neuroestructurals subjacents a la depressio

quan apareix en el decurs d’un trastorn obsessiu-compulsiu

En el primer dels estudis que conformen aquesta tesi doctoral es va determinar que els
pacients que presentaven historia de trastorn depressiu major (TDM) en el decurs d’un
trastorn obsessiu-compulsiu (TOC) mostraven una reduccié de volum més pronunciada a
I’escorca orbito-frontal medial (EOFm), la qual presentava un patré diferencial de correlacions
amb altres arees cerebrals rellevants quan se’ls comparava amb un grup de pacients amb TOC

pur.
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Si ens centrem en la reduccié de volum de 'EOFm, és important referir que nombrosos
estudis han vinculat alteracions neuroestructurals i neurofuncionals en aquesta area amb el
trastorn depressiu major (65, 67, 202, 203) i el trastorn obsessiu-compulsiu (204-207), pero
també amb altres malalties com I'esquizofrénia (208, 209), els trastorns per abus de
substancies (210, 211), els trastorns de la personalitat (212) i els trastorns generalitzats del
desenvolupament (213). Aquesta relativa omnipreséncia de les alteracions de I'EOFm en
trastorns aparentment dispars es podria interpretar com la d’una franca inespecificitat de la
mateixa o, des d’una perspectiva molt més interessant, com una oportunitat per estudiar el
substrat neuroanatomic comu entre trastorns que poden apareixer de forma comorbida, com
és el cas de la depressié en el decurs del TOC. Donat que 'EOFm constitueix un element
fonamental en els circuits cerebrals que regulen les emocions i la resposta a la recompensa, es
podria especular que una alteracié en aquesta area actuaria com un factor de vulnerabilitat o
de risc incrementat per desenvolupar diversos trastorns mentals i/o neurologics que es
caracteritzarien per comportar una disfuncié en el processament i regulacié de les emocions i
la conducta motivada. En aquesta linia, en el nostre estudi, els pacients amb TOC mostraven
una disminucié de volum a I'EOFm que era més important en aquells que presentaven o
havien presentat depressid, fet que podria indicar un major grau de vulnerabilitat a
desenvolupar trastorns d’ansietat i/o afectius en els pacients comorbids degut a I'existéncia

d’una major disregulacié emocional.

En quant al patré de correlacions diferencial de 'EOFm, mentre que els pacients amb TOC pur
presentaven una correlacio significativa amb I’escorca cingulada rostral (ECAr), als pacients

amb TDM i TOC es perdia aquesta correlacid i s’observava un patré que comprenia I'escorca
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prefrontal medial (EPFm), I'insula i 'amigdala. Per una banda, la relacié observada entre
'EOFm i I'ECAr en els pacients amb TOC sense depressid es podria explicar pel paper
d’ambdues regions en processos cognitius com la presa de decisions complexes i la
monitoritzacié de les accions (214, 215), funcions que formen part dels processos executius i
gue s’han vinculat a aspectes fenomenologics de la simptomatologia obsessivo-compulsiva
(216, 217). D’altra banda, I'EPFm, I'insula i I'amigdala estan vinculades al processament de les
emocions i la regulacio de l'estat d’anim, (215, 218-220) i canvis neuroestructurals,
neurofuncionals i de connectivitat en aquestes arees s’han relacionat amb la presencia de
clinica depressiva (84, 129, 220), amb la resposta al tractament antidepressiu (221), i amb la
vulnerabilitat o susceptibilitat a presentar depressié (116, 221, 222). La relacié observada
entre 'EOFm i I'EPFm, l'insula i I'amigdala i la pérdua de la correlacié amb I'ECAr en els
pacients que presenten clinica depressiva podria estar reflectint la disrupcid en Ia
connectivitat fronto-limbica que s’ha proposat com a fenotip de neuroimatge i que s’ha
relacionat amb una péerdua del control cognitiu de les emocions en el trastorn depressiu major
(veure apartat 1.1.8).

De les analisis dels patrons de correlacions podem extreure que les dades que ens informen
de la connectivitat estructural poden ser utils en la determinacié de fenotips de neuroimatge
gue ens permetin diferenciar entre grups de pacients. En la nostra investigacié observem un
patré de correlacions que ens déna la possibilitat de diferenciar pacients amb subtipus
concrets de trastorn depressiu com és el cas de la depressid que apareix en el decurs d’'un
TOC, afavorint d’aquesta manera el coneixement de les bases neurals comuns i diferencials
del TDM i el TOC, coneixement que en un futur pot possibilitar un abordatge més especific

d’aquests pacients i d’aquesta manera millorar el seu pronostic.
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4.2. ESTUDI 2: Estudi transversal i longitudinal de les alteracions neuroestructurals

subjacents a la depressié malenconiosa

Al segon estudi de la nostra investigacid, es van determinar alteracions volumétriques a la
substancia grisa insular esquerra i a la substancia blanca del tegment troncencefalic superior
en un grup de pacients amb depressid6 malenconiosa, alteracions que podrien estar
relacionades amb les caracteristiques cliniques especifiques de la malenconia donat que no
son troballes comuns en els treballs que avaluen mostres generals de pacients amb TDM. En
aquesta part del treball es van trobar relacions clares entre el volum d’algunes estructures i
variables cliniques com el temps fins assolir la remissiéd clinica. A l'analitzar I'evolucio
d’aquesta mostra de pacients malenconiosos vam detectar interaccions especifiques de la
substancia blanca troncencefalica amb I'edat, aixi com una associacié entre el nombre de

recaigudes i els canvis de volum al llarg del temps a la substancia gris de I'insula.

4.2.1. Estudi transversal

En la mostra de 70 pacients amb depressi6 malenconiosa es va observar una reduccid
volumetrica de I'insula posterior esquerra. Es tracta d’una troballa francament interessant ja
que presenta diverses ramificacions i/o interpretacions. En primer lloc, els estudis de
neuroimatge funcional han vinculat I'insula amb la regulacié de I'estat d’anim, havent-se
descrit alteracions de I'activitat insular en pacients depressius (76). En segon lloc, I'insula juga
un paper fonamental en el processament de la informacié somatosensorial i interoceptiva

(223, 224), fet que es pot vincular amb un dels simptomes més comuns de la depressié com
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serien les queixes somatiques (126), les quals son especialment freqiients en la depressio
malenconiosa (127). En la mateixa linia, en pacients depressius s’han definit alteracions a la
nocicepcié (123), la consciencia interoceptiva (124) i la percepcié del cos (125), dades que
també podrien relacionar-se en ultima instancia amb la regid insular. En aquest punt seria
important realitzar una reflexié sobre un dels simptomes classics i fonamentals de la
malenconia, la tristesa vital, la qual es defineix com una tristesa aclaparadora, autdbnoma,
desvinculada del desencadenant, corporalitzada, psicofisica, persistent, areactiva i no
modificable voluntariament (225). Els pacients solen donar-li un caracter global, i la
gualifiguen com intensa, inexplicable, diferent a qualsevol altra i, en la majoria d'ocasions és
referida a un lloc fisic concret, basicament a la zona precordial o epigastrica. (226). Es tracta
doncs d’un simptoma ben definit en el qual conflueixen un estat afectiu concret, la tristesa,
amb una sensacié fisica dificilment explicable perd localitzable a nivell somatic. En aquest
punt sorgeix la pregunta de si la implicacid de l'insula en la produccié d’estats afectius
concrets i en el processament de la informacié somatosensorial i interoceptiva pot tenir res a
veure en l'aparicié d’aquesta caracteristica clinica tan especifica de la malenconia. Per ultim,
I'insula presenta com una de les seves funcions principals, la regulacié de la resposta
autonomica i endocrina, fet que podria estar vinculant una alteracié a aquest nivell amb una

resposta incrementada a 'estrés, com de fet s’ha descrit en la malenconia (227, 228).

La segona troballa rellevant de I'estudi transversal és I'increment de la substancia blanca en
I'area del tegment troncencefalic superior. Alguns autors havien descrit alteracions
estructurals al tronc cerebral en pacients depressius, pero les dades obtingudes son dificils

d’interpretar de forma global donada la diversitat de les variables quantificades. De totes
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maneres, sembla coherent relacionar el tronc de I'encefal amb la neurobiologia de Ia
depressid, sobretot considerant la presencia de nuclis neuronals fonamentals en aquesta
regid, com és el cas dels nuclis productors de monoamines (229), o bé tenint en compte el
paper que juga aquesta regid en la transmissié d’informacié interoceptiva (223, 224) i en la
regulacié neurondocrina (227, 230). La seglient pregunta que se’ns planteja és per qué
observem un augment de substancia blanca i no un decrement de la mateixa. Si considerem
gue la mielinitzacié constitueix un marcador de la maduracid dels teixits associats amb
I'activitat neuronal (231, 232) i tenim en compte que s’ha descrit un increment d’activitat a la
protuberancia vinculat a la severitat de la clinica depressiva (172), podriem hipotetitzar que
aquests canvis estructurals puguin tenir un origen funcional i, per tant, es podria concloure
gue un increment de la mielinitzacié al tronc cerebral dels pacients amb TDM podria estar

reflectint un increment sostingut de I’activitat en aquesta zona.

Més enlla d’aquestes dues troballes principals, que es podrien relacionar directament amb la
malenconia i constituir fenotips de neuroimatge que permetin identificar i diferenciar aquests
pacients de la resta de pacients amb trastorn depressiu major, es va analitzar la interaccio de
les variables de neuroimatge i variables sociodemografiques com I’edat o el génere , variables
cliniques com la intensitat de la simptomatologia depressiva, o variables evolutives com el
temps fins assolir la remissié de la clinica. A I'analitzar els efectes especifics relacionats amb el
génere, vam detectar que els pacients depressius de geénere masculi mostraven una
disminucié de volum al talem dret. Més precisament, |'alteracié es localitzava a la regié dels
nuclis talamics ventral posteromedial i centromedial, els quals reben informacié del tronc

cerebral superior i han estat relacionats amb el processament interoceptiu i amb I'excitabilitat
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cerebral (o arousal), respectivament (224, 233). El nucli ventral posteromedial emet
projeccions amb informacié interoceptiva cap a l'insula posterior, establint-se aixi un vincle
entre la part superior del tronc cerebral i I'insula. Segons els nostres resultats, que inclouen
alteracions a l'insula, el tronc cerebral i el talem, podriem suggerir que a la malenconia
existeix una alteracié dels circuits centrals que processen la informacid interoceptiva. A més,
les alteracions al sistema regulador de I'activacid cerebral es poden relacionar probablement
amb les alteracions del cicle del son tan caracteristiques de la malenconia (185), alteracions
qgue, curiosament, son més freqlientment observades en homes (234). En quant als efectes
especifics relacionats amb I'edat, es va observar una reduccié del volum de la substancia
blanca periventricular als pacients de més edat. Aquestes alteracions frontals de substancia
blanca, a la regid que conté les connexions transcalloses que conecten les regions premotores
dels dos hemisferis (235), podrien estar relacionades amb les alteracions psicomotores
caracteristiques dels pacients malenconiosos d’edat avancada (236). Pel que fa a la relacio
amb les variables cliniques, els pacients malenconiosos amb menors volums de I'hipocamp
esquerre requerien més temps per manifestar una millora simptomatica un cop iniciat el
tractament. Aquesta troballa coincideix amb dades previes de la literatura que mostren una
relacid directa entre el volum hipocampal i la resposta al tractament (237, 238). Si ens
centrem en la gravetat simptomatica, la puntuacio a la subescala ‘nuclear’ (o core) del HAM-D
es relacionava amb el volum del cingol posterior. Encara que aquesta va ser una troballa
inesperada, s’han descrit increments de volum a I’escorca cingulada posterior en TDM (52), fet
qgue, a més, pot estar relacionat amb les alteracions del sistema de repos (default-mode

network) detectades recentment en la depressié (239).

129



4.2.2. Estudi longitudinal

En el treball longitudinal vam poder estudiar I’evolucié de les alteracions volumetriques de 30
dels 70 pacients inicials després de 7 anys de la primera RM. Vam observar patrons d’evolucié
diferencials en funcié de I'area estudiada. En el cas de I'increment de substancia blanca a la
regido del tegment troncencefalic superior, en la segona ressonancia els pacients amb
depressié malenconiosa presentaven una reduccié del volum d’aquesta regid respecte la
primera RM. En canvi, els controls mostraven una patré completament diferent, determinant-
se un increment relatiu de la substancia blanca en aquesta regid. Tenint en compte que el
cicle de mielinitzacié activa de la regié del tegment troncencefalic superior s’allarga fins als
70-80 anys (240), aquesta troballa podria ser interpretada com un signe d'envelliment

accelerat d'aquesta regié en la malenconia.

En el cas de la regid insular esquerra vam observar una reduccié de volum entre les dues RM,
reduccidé que s’observava tant en pacients com en controls. A més, és important destacar el
fet que la reduccié de volum observada entre les dues exploracions de RM a |'area insular de
forma bilateral i, addicionalment, també en I'area occipital, mostrava una relacié clara amb el
nimero de recaigudes depressives registrades en aquest periode. Aquestes dades, en
combinacié amb la reduccié de volum de substancia grisa de la part posterior del gir temporal
mig observat entre les dues valoracions, podrien donar suport a la hipotesi que proposa que
els canvis volumétrics observats en la malenconia podrien tenir un origen degeneratiu (162).
De totes maneres, dos fets anirien en contra d’aquesta hipotesi , en primer lloc que el volum

insular en la primera RM no mostrava cap relacié amb el nombre d'episodis depressius previs i

130



en segon lloc que el volum d’aquesta regié entre les dues ressonancies seguia el mateix patré
evolutiu en els pacients que en els controls. Aquesta troballa és dificil de conciliar amb la
hipotesi de la neurodegeneracié com a explicacié fisiopatologica Unica dels canvis volumetrics
observats en la malenconia, i de fet, ens permetria especular sobre un hipotetic
desenvolupament andomal d’algunes de les regions implicades. Sembla per tant plausible
afirmar que en la depressid malenconiosa es poden observar alteracions anatdomiques de
diferent etiologia, possiblement amb determinada especificitat regional en funcié de la causa
de l'alteracié estructural. Per tant, podriem suggerir que els canvis volumetrics associats a la
malenconia estarien reflectint la coexistencia d’un substrat neurobiologic “mixte” en el qual hi
intervendrien factors que haurien influit en el desenvolupament normal de les estructures
cerebrals juntament amb d’altres, que ens estarien mostrant un envelliment prematur o la

neurodegeneracid progressiva d’algunes arees.

4.3. ESTUDI 3: Correlats neurofuncionals de la resposta a un tractament amb

estimulacido magneética transcranial repetitiva

Des del punt de vista neurofuncional, al nostre tercer treball, en un grup de pacients amb
TDM es va detectar una associacid entre la resposta al tractament d’estimulacié magnetica
transcranial repetitiva (EMTr) i I'activitat pre-tractament a |'escorca perigenual dreta, I'escorca
orbito-frontal medial esquerra, l'escorca frontal mitja dreta i el putamen ventro-caudal
esquerre. Els resultats obtinguts en aquest estudi sén rellevants, en primer lloc perqué

vinculen la resposta clinica a EMTr amb I’activitat d’un conjunt de regions que han estat
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consistentment implicades en el processament emocional i en la regulacié de I'estat d’anim
(241-243), i en segon lloc perqué ens permeten afirmar que tant les activacions com les
desactivacions observades amb ressonancia magnética funcional (RMf) poden relacionar-se
amb la resposta al tractament amb EMTr, i per tant poden considerar-se correlats o predictors

de la millora clinica.

L’escorca cingulada anterior (ECA) és la regié que més consistentment s’ha vinculat a la
resposta a tractament antidepressiu. Els estudis de neuroimatge realitzats en subjectes
depressius suggereixen que la hiperactivitat de I'ECA, concretament a les regions subgenual i
pregenual, actua com a predictor de resposta a diferents intervencions antidepressives, les
quals inclouen farmacs (81-87) (pero veure (88)), privacié de son (89), EMTr (90) i
cingulotomia (91). Agquesta idea ha estat confirmada per una recent metaanalisi, la qual
conclou I'existencia d’una relacié positiva entre I'augment d’activitat al cingol anterior rostral i
la resposta al tractament independentment de les estratégies de tractament i les técniques
d'imatge emprades (92). En aquest punt seria interessant especular sobre el grau
d’especificitat de la relacié de 'ECA amb la resposta a tractament. De fet, 'ECA s'ha associat a
la resposta al tractament no només en la depressid major, sind també en trastorns d’ansietat
com el trastorn obsessiu-compulsiu (244, 245), el trastorn d'ansietat generalitzada (246, 247)
o el trastorn d’estrés post-traumatic (248), fet que podria estar suggerint que l'activitat de
I’'ECA actuaria com a predictor de resposta al tractament en diferents trastorns afectius. La
pregunta que sorgeix en aquest punt és si la relacié de I'activitat en 'ECA amb la millora

clinica ens esta indicant la tendéncia a millorar que presenta un pacient amb un trastorn
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concret, o bé ens estaria determinant els correlats neurobiologics de la resposta a una

determinada estratégia antidepressiva, independentment de quin sigui el procés de base.

Si ens centrem en el per que de la relacié entre desactivacid i millora clinica, d’entrada podria
semblar complexe d’interpretar, ja que podriem considerar dues possibilitats, per una banda
gue els pacients depressius presentessin una hiperactivitat regional previa a l'inici del
tractament, o bé que es caracteritzessin per una dificultat per desactivar de forma efectiva les
arees vinculades amb la tasca estudiada, que tal com es refereix en l'article és una tasca
eminentment cognitiva de fluencia verbal. Donats els resultats dels estudis realitzats en
pacients depressius, els quals determinen un increment d'activitat i de connectivitat funcional
a I'escorca prefrontal i cingulada anterior (66, 75, 249), podriem inferir que la reduccié de la
desactivacio s’explicaria millor per una hiperactivitat basal que per un déficit de desactivacié
durant la tasca. Amb aquesta interpretacio, els resultats podrien semblar contradictoris amb
els treballs que relacionen I’hipometabolisme i la disminucid de I'activitat induida per tasques
a l'escorca cingulada anterior amb la millora clinica (88, 250-253). Aquesta discordancia podria
estar reflectint diferéncies metodologiques entre els estudis, com podrien ser diferéncies en
els protocols i/o els procediments d'imatge emprats. No obstant aixo, també és important
assenyalar que els predictors de resposta a diferents estratégies terapeutiques podrien variar
en funcié dels seus mecanismes d'accié (251, 254, 255) i, de fet, s'ha proposat I'existéncia
d’una certa especificitat regional en queé les subdivisions de I'ECA podrien estar relacionades
de forma diferencial amb la resposta al tractament en funcié de la modalitat del mateix (92).

Segons aquesta hipotesi, la psicoterapia i la farmacoterapia tindrien diferents dianes
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cerebrals, que estarien relacionats amb la regulacié de dalt a baix (top-down) i de baix a dalt

(bottom-up), respectivament (252, 256).

Pel que fa a la resta de regions identificades en el present treball com a correlats de resposta
al tractament, I'evidéncia cientifica al respecte és menys consistent que en el cas de I'escorca
cingulada anterior. En el cas de I'escorca orbito-frontal, els resultats dels estudis realitzats fins
a la data actual suggereixen que I'hipometabolisme basal (197) i I'alteracié de la connectivitat
funcional amb arees corticals i subcorticals (257) estan relacionats amb la resposta
antidepressiva. De la mateixa manera, la menor desactivacié del gir frontal mig dret durant
I’estimulacio dolorosa (81) i I’'hipometabolisme basal a I'area putaminal s'han proposat com a
biomarcadors de resposta al tractament (197). Més enlla del paper d’aquestes regions en la
resposta al tractament, els estudis de neuroimatge funcional les han vinculat amb la depressid

major, proposant-se com arees rellevants dins la seva fisiopatologia (156, 258, 259).

En la nostra investigacio, la relacid entre la millora clinica després de tractament amb EMTr i
I'activitat del putamen ventro-caudal esquerre perdia la significacidé estadistica després de
retirar de I'andlisi als pacients bipolars, fet que en part es podria vincular a la reduccié de la
mida mostral, perd que també es podria relacionar amb el tipus de trastorn afectiu, podent-se

definir patrons de correlacions diferencials entre depressié unipolar i bipolar.

Pel que fa a les dades estructurals, treballs previs han determinat I'existéncia d’una reduccid
volumetrica a I'escorca prefontal i als nuclis de la base en pacients depressius (139, 159, 260,

261). En el nostre estudi, I'Unica area que va mostrar una correlacié volumétrica amb la
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resposta a EMTr va ser I'escorga orbito-frontal medial esquerra. Aquesta coincidencia parcial
entre les dades estructurals i funcionals suggereix que ambdds tipus de dades podrien
constituir correlats relativament independents de resposta al tractament, i que per tant ens

donarien informacié complementaria a I’hora d’establir marcadors de millora clinica.

Un altre aspecte interessant en aquest treball és el fet que a I'analitzar si existien diferencies
entre depressius i controls sans en |'activitat de les arees que correlacionaven amb la resposta
a tractament, I'Gnica area que va mostrar diferéncies era I'escorca frontal mitja. D’aquesta
dada es pot concloure que les fluctuacions normals de I'activitat cerebral poden relacionar-se
amb la resposta a tractment, sense que sigui necessari que estiguin alterades ni que es puguin
considerar patologiques, fet que ens porta a reflexionar sobre el que és la normalitat i sobre
gue significa patologia i sobre la definicié exacte de fenotip de neuroimatge, que no tindria

perque correspondre a una caracteristica anomala en tots els casos.

4.4. LIMITACIONS

4.4.1. Limitacions relacionades amb la seleccid de la mostra i les variables clinigues

En els tres estudis que inclouen aquesta investigacid no es pot descartar la influencia de la
farmacoterapia actual o previa en les troballes neuroestructurals o neurofuncionals. De totes

maneres, en cap dels tres estudis d’aquesta tesi es va detectar un efecte significatiu de la
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variable durada del tractament, ja que les correlacions amb les troballes de neuroimatge no

van ser significatives en cap cas.

En el primer i el segon estudis podem trobar alguna dificultat per generalitzar els resultats a
una poblacié de pacients amb trastorn depressiu major, donat que en el primer no es va
incloure un grup amb TDM pur i en el segon no es va incoure un grup de TDM sense

malenconia.

Al primer estudi, es van incloure pacients en diferents estats de clinica depressiva, ja que
alguns complien criteris d’episodi depressiu i altres estaven assimptomatics, o alguns
presentaven historia prévia de depressié i d’altres es trobaven en el primer episodi clinic. En
aquest sentit, no podem descartar la influéncia de I’estat animic en 'estructura cerebral en el
moment de la RM. De fet, en la nostra investigacidé es detecta una major reduccié del volum
de I'escorca orbito-frontal lateral esquerra en els pacients amb historia prévia de depressid

guan se’ls compara amb els pacients amb un primer episodi depressiu.

4.4.2. Limitacions relacionades amb el protocol de EMTr

Al tercer estudi vam utilitzar 'anomenada “regla dels 5 cm” per localitzar I'escor¢a prefrontal
dorso-lateral. Probablement la localitzacié s’hauria realitzat de forma més acurada si
haguéssim utilitzat metodes de neuronavegacié, fet que en teoria permetria establir
predictors de resposta més fiables. De totes maneres, el métode utilitzat a la nostra

investigacid és ampliament emprat en molts dels assajos clinics que valoren la resposta a
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tractaments d’EMTr avui en dia (219, 262, 263) i, per tant, I'Us de la “regla dels 5 cm” ens

aporta un plantejament molt més reproduible en entorns clinics.

4.4.3. Limitacions relacionades amb I'adquisicié i I’analisi de les imatges

Les versions del programa de processat i analisi d'imatge Statistical Parametric Mapping
(SPM) utilitzades han estat diferents en els tres treballs d’aquest tesi. En el primer treball es va
utilitzar la versié SPM99, en el segon la versié SPM2, mentre que en el tercer es va usar la
versio SPM5. Més enlla de la distancia temporal entre els moments de realitzacié d’aquests
estudis, en el primer cas es va decidir fer servir la versié del programa més antiga de les
actualment disponibles donat que es va partir dels resultats d’un estudi previ del nostre grup
(200) que havien estat obtingudes amb aquesta versid. Per altra banda, I'is de la versié SPM2
en el segon treball va estar motivada per la necesitat de fer un processament longitudinal de
les dades que requeria I’Gs d’algoritmes de normalitzacid i segmentacid de les imatges que no
estan disponibles en les versions més actuals del programa. En aquests dos casos, hem
d’acceptar que els algoritmes de processat d’imatge disponibles en les versions més actuals
del programa poden millorar tant la segmentacié dels teixits cerebrals (en susbtancia girs,
blanca i LCR), com la seva normalitzacid, pel que no podem descartar que la sensibilitat i
especificitat de les nostres troaballes hagués estat millor si haguessim emprat aquestes
versions. En qualsevol cas, les dades d’aquests dos estudis havien estat obtingudes temps
abans de la realitzacioé dels dos articles (fins a 7 anys abans en el cas del segon treball), pel que
es van usar parametres d’adquisicié d’imatge possiblement poc adequats per ser processats

amb els algoritmes d’imatge més actuals. La rad de que aquestes imatges fossin obtingudes
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amb anterioritat a la realitzacidé dels articles fou que, en el primer cas, es van reanlitzar les
dades obtingudes per un treball previ (200), i, en el segon cas, que es va decidir esperar 7 anys
entre la realitzacié de les dues adquisicions de RM per tal de maximitzar la probabilitat de
trobar canvis estructurals longitudinals. Per ultim, en el tercer treball es va usar la versio
SPMS5, tot i que en aquest cas, al tractar-se de dades basicament de RMf, podem dir que no va
suposar cap limitacio fer servir aquesta versid, donat que els algoritmes de processat i analisi
de RMf gairebé no s’han modificat en les dues Ultimes versions del programa. A més, en
aquest tercer estudi, malgrat que no es va realitzar una valoracié global de tot el cervell,
I'adquisicié realitzada abarcava tot el lobul frontal, des del vertex fins a 'opercle frontal,
incloent-se d’aquesta manera la majoria d’arees implicades en la tasca de generacié de

paraules que vam utilitzar en aquest estudi

4.5. VALORACIO GLOBAL DELS RESULTATS OBTINGUTS EN AQUESTA TESI DOCTORAL

En concordancia amb les hipotesis i els objectius del present treball, s’"han descrit un conjunt
d’alteracions neuroestructurals i neurofuncionals que es poden considerar correlats neurals
d’aspectes clinics com el subtipus depressiu, d’aspectes evolutius com el nombre de
recurréncies cliniques, o d’aspectes relacionats amb la resposta al tractament antidepressiu.
Aguests correlats es podrien considerar, segons el nostre criteri, com a fenotips de
neuroimatge, ja que s’associen a caracteristiques concretes del trastorn depressiu major i ens

permeten diferenciar entre grups/subgrups de pacients.
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5. CONCLUSIONS

A. Els pacients en els quals el Trastorn Depressiu Major (TDM) apareix en el decurs d’un

trastorn obsessiu-compulsiu (TOC) presenten alteracions neuroanatomiques caracteristiques.

a. Mostren una major reduccié del volum de substancia grisa a l'escorca orbito-

frontal medial (EOFm) quan els comparem amb pacients amb TOC sense TDM.

b. Mostren patrons diferencials de correlacions entre el volum de substancia grisa de
I'EOFm i la resta del cervell. En els pacients amb TDM+TOC el patré inclou arees com
el gir frontal medial, I'insula dreta i I'amigdala, mentre que en els pacient amb TOC

pur, aquestes correlacions Unicament involucren I'escorga cingulada anterior rostral.

B. Els pacients amb TDM amb malenconia manifesten alteracions neuroanatomiques

caracteristiques relacionades amb aspectes clinics i d'evolucié de la malaltia i de resposta al

tractament.

a. Mostren reduccions de susbtancia grisa a l'insula esquerra i increments de

substancia blanca (SB) a la regié del tegment troncencefalic superior.

b. Mostren alteracions neuroanatomiques relacionades amb el génere i I'edat. Els

pacients de sexe masculi presenten una disminucié de susbtancia gris al talem dret,
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mentre que els pacients d'edat avancada mostren una reduccié de la substancia

blanca periventricular.

c. Mostren alteracions neuroanatomiques relacionades amb la resposta a tractament.
La reduccié de volum de l'insula, I'hipocamp i I'escorca parietal lateral de I’hemisferi

esquerre es relacionen amb una recuperacié més lenta un cop iniciat el tractament.

C. Els pacients amb TDM amb malenconia presenten alteracions neuroanatdomiques

caracteristiques vinculades al curs de la malaltia al llarg del temps.

a. Mostren una evolucié temporal diferencial del volum de substancia blanca a la
regid del tegment troncencefalic superior quan se’ls compara amb els controls. Els
pacients presenten una reduccié del volum de substancia blanca mentre que els

controls presenten un increment de la mateixa.

b. Mostren una evolucié temporal del volum de substancia gris que es relaciona amb
el nombre de recaigudes. El decrement de substancia gris en ambdues insules

correlaciona amb el nombre de recaigudes durant el seguiment.

D. Els pacients amb TDM presenten caracteristiques neurofuncionals i neuroestructurals
gue es poden considerar com a biomarcadors de resposta a terapies fisiques com l'estimulacié
magnética transcranial repetitiva (EMTr). Els pacients amb TDM tractats amb EMTr activa

presenten un patrd de correlacions entre la milloria clinica i I'activitat cerebral pretractament

142



diferent del que presenten els pacients que van rebre EMTr placebo. Aquest patré es pot

considerar com un marcador de resposta al tractament.

a. Mostren una relacié entre la reduccié de la Hamilton Rating Scale for Depression
(Escala de Depressi6 de Hamilton, HAM-D) després del tractament amb EMTr i
I'activitat cerebral pre-tractament a I'escorca cingulada ventral anterior, I'escorca
orbito-frontal medial esquerra (mEOF), el gir frontal mig dret i el putamen ventro-

caudal esquerre, relacié que no s’observa als pacients tractats amb EMTr placebo.

b. Mostren una relacié entre la reduccié de la HAM-D i el volum de la mEOFe, que no

s’observa en pacients tractats amb EMTr placebo.
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