TESIDOCTORAL

EVOLUCIO INICIAL DELS ICTUS PER ARTERIOSCLEROSI CAROTIDIA.

SEVERITAT, DETERIORAMENT NEUROLOGIC | RECURRENCIA

Autora: Elisa Cuadrado Godia
Director: Jaume Roquer Gonzalez

Tutora academica: Merce Cladellas Capdevila

Programa de Doctorat: Medicina
Departament de Medicina
Universitat Autonoma de Barcelona

Barcelona, Setembre de 2015



INDEX
1. INTRODUCCIO
1.1. ’ARTERIOSCLEROSI COM A PROBLEMA DE SALUT
1.1.1. Definicio d’arteriosclerosi
1.1.2. Epidemiologia
1.1.3. Factors de risc
1.1.4. Fisiopatologia
1.1.4.1. Disfunci6 endotelial
1.1.4.2. Aterogénesiiaterotrombosi
1.1.5. L’arteriosclerosi subclinica
1.2. ARTERIOSCLEROSI CAROTIDIA (AC)
1.2.1. Epidemiologia
1.2.1.1. ACasimptomatica
1.2.1.2. ACsimptomatica
1.2.2. Mecanismes d’ictus a I’AC
1.2.3. Severitat de l'ictus per AC
1.2.4. Meétodes diagnostics
1.2.5. Pronostic
1.2.5.1. Riscd’ictus
1.2.5.2.  Risc d’altres esdeveniments vasculars
1.2.6. Tractament de I’'AC
1.2.6.1. Endoarteriectomia carotidia
1.2.6.2. Angioplastia carotidia

1.2.6.3. Tractament meédic

-1V
pag.1
pag.1
pag. 1
pag. 1
pag. 2
pag. 4
pag. 5
pag. 8
pag. 10
pag. 13
pag. 13
pag. 13
pag. 14
pag. 16
pag. 18
pag. 18
pag. 20
pag. 20
pag. 23
pag. 23
pag. 24
pag. 26

pag. 28



1.2.6.4. Tractament de I’ AC asimptomatica
1.3. RECURRENCIA DE L’ICTUS PER AC
1.3.1. Epidemiologia
1.3.2. Factors de recurréncia
1.4. DETERIORAMENT NEUROLOGIC PRECOG (DNP)
1.4.1. Definicio
1.4.2. Factors predictors

1.4.3. Tractament del DNP

. JUSTIFICACIO DE LA TESI

HIPOTESI

. OBIJECTIUS

MATERIAL | METODES

5.1. DISSENY DELS ESTUDIS

5.2. SUBJECTES

5.3. METODES DIAGNOSTICS | TERAPEUTICS
5.4. MESURES DE LABORATORI

5.5. DEFINICIO DE LES VARIABLES

5.6. ANALISI ESTADISTICA

5.7. ASPECTES ETICS

RESULTATS

6.1. OBJECTIU 1

6.1.1. ARTICLE 1

pag.
pag.
pag.
pag.
pag.
pag.
pag.
pag.
pag.
pag.
pag.
pag.
pag.
pag.
pag.
pag.
pag.
pag.
pag.
pag.
pag.

pag.

31

32

32

33

37

37

37

38

40

41

42

43

43

44

44

46

47

49

50

52

52

52



High risk of early neurological recurrence in symptomatic carotid stenosis. Ois A,
Cuadrado-Godia E, Rodriguez-Campello A, Jiménez-Conde J, Roquer J. Stroke. 2009
Aug;40(8): 2727-31
6.1.2. ARTICLE 2 pag. 59
Recurrent stroke in symptomatic carotid stenosis awaiting revascularisation. A pooled
analysis. Johansson E, Cuadrado-Godia E, Hayden D, Ois A, Roquer J, Wester P, Kelly
PJ. Neurology (in press)
6.2. OBJECTIU 2 pag. 82
6.2.1. ARTICLE 3 pag. 82
Factors associated with early outcome in patients with large-vessel carotid strokes.
Cuadrado-Godia E, Jimena S, Ois A, Rodriguez-Campello A, Giralt-Steinhauer E,
Soriano-Tarraga C, Jiménez-Conde J, Martinez-Rodriguez JE, Capellades J, Roquer J. J
Neurol Neurosurg Psychiatry. 2013 Mar;84(3): 305-9
6.3. OBJECTIU 3 pag. 89
6.3.1. ARTICLE 4 pag. 89
Endothelial progenitor cells predict cardiovascular events after atherothrombotic
stroke and acute myocardial infarction. A PROCELL Substudy. Cuadrado-Godia E,
Regueiro A, Nunez J, Diaz M, Novella S, Oliveras A, Valverde MA, Marrugat J, Ois A,
Giralt-Steinhauer E, Sanchis J , Escolar G, Hermenegildo C, Heras M, Roquer J. Plos

One.2015 Sep 2;10 (9): e0132415

7. DISCUSSIO pag. 104
7.1. OBJECTIU 1 pag. 104
7.2. OBJECTIU 2 pag. 107

7.3. OBJECTIU 3 pag. 109


http://www.ncbi.nlm.nih.gov/pubmed/19498196
http://www.ncbi.nlm.nih.gov/pubmed/23033355

8. CONCLUSIONS pag. 112

9. IMPLICACIONS CLINIQUES pag. 113
10. BIBLIOGRAFIA pag. 114
11. ANNEXOS pag. 127

11.1. ANNEX A Pag. 127

Acronims i abreviacions.

11.2. ANNEX B Pag. 129
ABSTRACT SEN 2010: Disfuncién endotelial y deterioro neurolégico precoz en el ictus
aterotrombdtico y lacunar. Cuadrado-Godia E, Ois A, Garcia-Ramallo E, Giralt E, Jimena S,
Rubio MA, Rodriguez-Campello A, Jiménez-Conde J, Roquer. Abstract. Neurologia.2010; 25

(Espec Congr):36



Introduccio

1.1. L’ARTERIOSCLEROSI COM A PROBLEMA DE SALUT

1.1.1. Definicié d’arteriosclerosi

L’arteriosclerosi és una malaltia sistemica complexa que afecta les artéries de diametre
mitja o gran i és la principal responsable de les malalties cardiovasculars. Fins fa pocs
anys es creia que era una malaltia de 'home modern, associada a I'estil de vida
contemporani. En canvi, s’ha demostrat que poblacions prehistoriques de fa més de
4000 anys ja presentaven arteriosclerosi, suggerint una predisposicio basica de I'ésser

huma per patir aquesta malaltia. (Thompson et al., 2013)

1.1.2. Epidemiologia

L'arteriosclerosi i les seves principals manifestacions cliniques (cardiopatia isquémica,
ictus i malaltia vascular periférica) sén la primera causa de mort a nivell mundial, amb
17,5 milions de morts I'any 2012, dels quals 7,4 foren degudes a infart agut de

miocardi (IAM) i 6,7 milions a ictus. (World Health Organization, 2014)

Malaltia cardiaca hipertensiva
Accident de transit

Diabetes mellitus

Diarrea

VIH/SIDA

Cancer de pulmg, traquea, bronquis
Infeccio respiratoria

Malaltia pulmonar obstructiva cronica

Ictus

Cardiopatia isquémica | () 40
0 2 4 6 8 10

Milions de persones

Figura 1: Les 10 principals causes de mort a nivell mundial I'any 2012 (font OMS)
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L’ictus és un problema de salut mundial prioritari ja que la seva incidéncia esta creixent
rapidament en paisos de renda baixa o mitjana degut a un augment dels factors de
risc. Mentre que als paisos de renda alta, s’esta produint un augment del global de la
prevalenca a causa de I'envelliment de la poblacié i la disminucié de les taxes de
mortalitat. (Kinlay, 2011)

A part d’'una causa fonamental de mort, I'ictus és la principal causa de discapacitat a
I'adult i contribueix al desenvolupament d’altres patologies com la deméncia o
I'epilépsia vascular. (Alvarez Sabin i Masjuan Vallejo, 2013)

A Espanya l'arteriosclerosi és la principal causa de mort, causant 117.532 morts I'any
2011, de les quals 28.855 foren degudes a ictus. De forma similar a allo que s’ha
observat en altres paisos de renda alta, la taxa de mortalitat per ictus ha disminuit en
les ultimes tres decades degut a la millora en els tractaments i I'atencid médica.
Malgrat tot aixo, I'ictus continua essent la primera causa de mort en dones i la tercera
en homes, després de la malaltia coronaria i el cancer de pulmd, amb una taxa de
mortalitat de 61,7 per cada 100.000 habitants. (Cayuela et al., 2014)

La incidencia d’ictus a Espanya és similar a la d’altres paisos desenvolupats, al voltant
de 132-202 casos nous cada 100.000 habitants I'any. (Diaz-Guzman et al., 2012) Quant
a la prevalenga a la poblaci6 major de 65 anys, és similar a la resta de la poblacio

europea, al voltant del 5%. (Diaz-Guzman et al., 2008)

1.1.3. Factors de risc
Els principals factors de risc per al desenvolupament de l'arteriosclerosi son els

anomenats factors classics (FRCV), que es classifiguen en no modificables, com ara
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I’edat, el sexe i la raca, i modificables, com sén la hipertensio arterial (HTA), la diabetis
mellitus (DM), el tabaquisme i la dislipemia (DL). (Faxon et al., 2004)

L’associacié entre els factors de risc i el desenvolupament de I'arteriosclerosi ha estat
possible gracies a grans estudis epidemiologics, des del classic Framingham Heart
Study (Dawber et al., 1951) que es va iniciar I'any 1948, fins als estudis moderns com
son el Cardiovascular Health Study (Fried et al., 1991), INTERHEART (Yusuf et al., 2004),
INTERSTROKE (O’Donnell et al., 2010) o el registre REACH (Bhatt et al., 2014), entre
d’altres. Aquests estudis han mostrat que I'associacié entre FRCV i arteriosclerosi és
independent de la regié geografica o la raga, encara que amb algunes diferéncies. Els
estudis més antics incloien només la malaltia coronaria com a manifestacio clinica a
estudi, perd ja als estudis més recents s’hi inclou també l'ictus, donada la seva
rellevancia epidemiologica. Aixd és molt important perquée I'impacte dels factors de
risc és diferent segons el territori vascular afectat. Per exemple, per a l'ictus el
principal factor de risc és I'HTA, (O’Donnell et al., 2010) mentre que per a

la cardiopatia isquémica ho és la dislipemia. (Yusuf et al., 2004)

Malgrat tot aix0, s’estima que entre un 10% i un 20% dels pacients amb malaltia
cardiovascular no tenen FRCV classics. (Gémez et al., 2009; Greenland et al., 2003;
Khot et al., 2003) Per aquest motiu als darrers anys s’han realitzat nous estudis
encaminats a la recerca d’altres factors de risc anomenats emergents, com serien
factors geneétics, el sedentarisme, la dieta, factors psicosocials, I'obesitat abdominal,
biomarcadors com I’lhomocisteina, la LDL-oxidada (LDL-ox), la lipoproteina A, el
quocient ApoB/ApoAl o marcadors d’ infeccid cronica per herpesvirus o Chlamydia

pneumoniae.
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No obstant aix0, el paper d’alguns d’aquests factors de risc és encara controvertit.
(Yusuf et al., 2004)

La prevencié de les malalties cardiovasculars es fonamenta, per una banda, en les
intervencions poblacionals en salut publica que es basen en la promocid d’estils de
vida saludables com l'activitat fisica, la dieta equilibrada i I'abstinéncia del tabac, i per
una altra, en el cribratge oportunista a les consultes mediques. Aquest cribratge es
realitza mitjancant les funcions de risc cardiovascular, com sén l'equacié de
Framinghan (Wilson et al., 1998) i la seva adaptacié a la poblacié espanyola o I'index
REGICOR (Registre Gironi del Cor) (Marrugat et al.,, 2007). Es tracta de funcions
multifactorials que proporcionen una puntuacié basada en el sexe, I'edat i els FRCV
tradicionals i fan una estimacid del risc cardiovascular a 10 anys entre baix, moderat o
intermedi, alt i molt alt. Els punts de tall que defineixen els grups de risc baix, moderat
o alt tenen implicacions practiques a I'hora de decidir mesures d’intervencié
farmacologiques. Sén molt atils i facils d’aplicar a I'atencid primaria. Aixi i tot, tenen
algunes limitacions com sén que inclouen només els FRCV classics i que la majoria
d’esdeveniments vasculars tenen lloc en subjectes classificats com de risc moderat,
que és el més prevalent i on les intervencions realitzades no sén tan agressives.

(Marrugat et al., 2011)

1.1.4 Fisiopatologia
Es tracta d’un procés inflamatori cronic en resposta a un dany o agent nociu d’origen
genetic o ambiental com soén els citats FRCV (Ross, 1999). El procés s’inicia amb la

disfuncié de I'endoteli quan encara no hi hauria lesié estructural i posteriorment es



Introduccio

caracteritza pel diposit de plaques d’ateroma amb un cor central lipidic i una capa
fibrosa periférica. Encara que pot afectar a qualsevol artéria de calibre mitja o gran,
com son l'aorta, les artéries coronaries, les renals, les artéries de les cames, les
carotides i les cerebrals, té predileccid per les bifurcacions arterials. En aquestes
regions la pérdua del flux laminar canvia la tensié de cisallament o shear stress i
augmenta la turbuléncia, que per processos de mecanorecepcié i mecanotransduccid
altera I'expressié de determinats gens implicats en ’homeostasi de I’endoteli, iniciant
el procés arteriosclerotic. (Lehoux, 2006) El diposit de plaques i la formacié d’estenosi

contribueix a la perdua del flux laminar i a la perpetuitat d’aquest procés.

1.1.4.1. Disfuncié endotelial (DE)

L’endoteli és una monocapa de cél-lules que recobreix I'interior de tots els vasos. No és
nomeés una estructura anatomica sind que té propietats d’organ endocri amb multiples
funcions: modula el to vasomotor; regula lintercanvi de macromolécules com
lipoproteines i cel-lules inflamatories entre els espais intra- i extravascular; regula
I'activitat i proliferacié de les cél-lules del muscul llis de la tunica mitja i té activitat
antitrombotica ja que regula el sistema fibrinolitic i inhibeix I'adhesié plaquetaria i la
coagulacié. Totes aquestes funcions sén realitzades mitjancant la secrecié de
nombroses molécules intermediaries (Roquer et al., 2009), la majoria de les quals

s’enumeren a la taula 1.
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Taula 1: Principals molécules secretades pel endoteli

Oxid nitric (NO) Factor activador de plaquetes
Endotelina- 1 (ET-1) Homocisteina

Factor de von Willebrand (VWF) Factor tissular (FT)
Trombomodulina (TM) Inhibidor de la via del factor tissular
Molecula 1 d’adhesié de cel-lula vascular Tromboplastina

(VCAM-1)

Molecula 1 d’adhesié intercel-lular (ICAM-1) Paraoxonasa

P-selectina Peptid natriurétic tipus C
E-selectina Tromboxa A2
L-selectina Espécies reactives d’oxigen (ROS)

Antigen activador del plasminogen (t-PA ag) Proteina d’atraccid de monocits (MCP-

1)
Inhibidor de I'activador del plasminogen tipus Factor hiperpolaritzant derivat de
1 (PAI-1) I’endoteli
Angiotensina Il Factor contractil derivat de I'endoteli
Prostaciclina Ciclooxigenasa 1

Molécula d’adhesio endotelial per plaquetes 1 Ciclooxigenasa 2

La DE es defineix com la perdua de I'homeostasi fisiologica de I'endoteli, que en
resposta a diversos estimuls nocius canvia el seu fenotip cap a un estat proinflamatori,
protrombotic i vasoconstrictor. A través de l'increment de la permeabilitat cel-lular
permet el pas de lipoproteines (sobretot LDL) que s’uniran a fosfoglicans i altres
proteines de la matriu extracel-lular (ME) que afavoriran la seva modificacié
(agregacidé, glucosilacio, proteodlisi enzimatica, oxidacié, etc) incrementant
I'aterogénesi i la retencié en I'intima vascular. La retencié d’LDL a I'intima arterial és un

procés clau en l'inici i la progressid de la lesié arteriosclerotica. (Badimon, 2012)
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L’estrés oxidatiu juga un paper molt important en el desenvolupament de la DE. L'oxid
nitric (NO) és produit principalment a I'endoteli vascular per I'enzim NO-sintetasa a
partir de molécules de L-arginina. Es un potent vasodilatador, a més de tenir altres
funcions com ara inhibir I'activacié de leucocits i monocits i inhibir I'adhesié de
plaquetes a la paret del vas. A més, és el principal determinant del to basal del muscul
llis arterial i de la regulacido del flux sanguini. L'exposici6 de I'endoteli a canvis
bioquimics com el pH o als canvis hemodinamics que s’han comentat abans disminueix
la biodisponibilitat del NO, la qual cosa provoca la formacié d’espécies reactives
d’oxigen (ROS) com I'anié superoxid (O,), el peroxid d’hidrogen (H,0,), radicals
hidroxil (OH), I’acid hipoclorés (HCIO) i radicals lipidics, molecules totes elles molt
reactives amb altres biomolécules. En aquesta situacié coneguda com estrés oxidatiu,
molecules com I'LDL sén oxidades amb facilitat a LDL-oxidada (LDL-ox), que és
altament immunogena i activa les cel-lules endotelials induint I'atraccié i adhesié de
leucocits i monocits i la seva migracid a l'interior del vas. A més a més, la disminucié de
NO i la formacié d’anions superoxid altera els mecanismes de vasodilatacid arterial,
augmenta I'expressié de mediadors inflamatoris i indueix la hipertrofia de les artéries
degut a la produccié de metal-loproteinases de matriu (MMP), que al mateix temps,
augmenten la permeabilitat de la capa fibrosa que envolta la placa fent-la més
vulnerable. (Madamanchi et al., 2005)

L’excés de ROS provoca també I'oxidacié de NO i la formacio, entre d’altres, de radicals
de nitrogen com el peroxinitrit (ONOO-), situacid que es coneix com estrés nitrosatiu.
Aquests radicals de nitrogen reaccionen amb molta facilitat amb molécules com

proteines, lipids i ADN, desencadenat respostes cel-lulars de necrosi i apoptosi de les
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cel-lules endotelials i del muscul llis i contribuint d’aquesta manera a I'augment de la
vulnerabilitat de la placa. (Pacher et al., 2007)

1.1.4.2. Aterogénesi i aterotrombosi

El diposit i oxidacid de les molécules d’LDL produeix l'activacié de la cascada
inflamatoria amb 'adhesié de leucocits i limfocits T que, com a resposta secreten
citocines facilitant la migracié dels monocits a I'artéria. Els monocits es converteixen
en macrofags que al captar les molécules de LDL-ox formaran cel-lules escumoses que
s’acumulen a I'espai subintimal formant la lesid inicial de la malaltia, anomenada estria
de greix o fatty streak degut a la seva aparenca macroscopica. Les cél-lules escumoses
poden alliberar més citocines, oxidants i MMP que alteren la capa endotelial i
muscular. Les cel-lules del muscul llis (SMC) migren des de la tunica mitjana a I'intima
degut a la sintesi de factors de creixement, citocines i altres substancies produides per
les ceél-lules escumoses, pero també per les cel-lules endotelials i els limfocits T
(Badimon 2006). Les SMC proliferen i elaboren més ME que, junt amb el teixit
connectiu elaborat pels fibroblasts, formara la coberta fibrosa que envolta el cor
lipidic. Inicialment la lesié arteriosclerotica creix en direccié a I'exterior, procés que
s’anomena remodelacié arterial. La produccié de teixit connectiu i el diposit de calci
causen l'esclerosi o enduriment arterial. No obstant aixd, a mesura que la placa va
creixent, va associant més proliferacio de teixit fibrés i de muscul llis, cosa que acaba
per provocar la reduccid de la llum arterial o estenosi. Estudis histologics han
demostrat que les plaques estables es caracteritzen per tenir poc contingut lipidici una
capsula fibrosa gruixuda rica en cél-lules musculars i ME, mentre que les plaques

vulnerables estan formades per un gran nucli lipidic i una coberta fibrosa prima amb
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poc contingut de cel-lules musculars, escassa quantitat de col-lagen i un important

infiltrat inflamatori. (Badimon et al. 2012; Libby, 2002)

Llum vascular (Lumen) el
Coagulacio ° L) @ Trombe
[
FRCV 0 g L ] °
velocitat de cisallament O: ..
Plaquetes ®
Monécits O 0. O ()
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< ....*:j e o
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Figura 2: Evolucié de la placa arteriosclerética (adaptat de Badimon i Fuster, 2012)
TGF-8: factor de creixement transformador de tipus 8; MCP-1: proteina d’atraccid

de monocits; PDGF: factor de creixement derivat de plaquetes; TF: factor tissular; PAI-
1: inhibidor del’activador del plasminogen tipus 1; MMP: metal-loproteases de matriu;

M-CSF: factor estimulador de formacié de colonies de macrofags.

L’evolucié de les lesions envers plaques avancades es produeix degut a I'apoptosi dels
macrofags activats per estimuls proinflamatoris i a la secrecié d‘'MMP, que degraden la
ME que conforma la coberta fibrosa. Aixd provoca I'exposicio de col-lagen, lipids i
substancies procoagulants com el TF o el vWF a la superficie del vas, ocasionant
I'adhesié de plaquetes i la formacio d’un trombe que pot, de forma aguda, augmentar
el grau d’estenosi o ocloure el flux sanguini. L'hemorragia intra placa causada per

microvasculatura friable a la base també pot contribuir a I'expansioé aguda de la placa i
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Iinici de simptomes. Aquests tipus de plaques s"Tanomenen complicades ja que poden
donar lloc a embolismes arterioarterials amb oclusié de vasos distals de menor calibre
o bé produir I'oclusié completa del vas in situ. Aquesta fase, que es coneix com

aterotrombosi o malaltia aterotrombotica, és la causant dels simptomes que variaran

segons quin sigui el territori vascular afectat

1.1.5. Arteriosclerosi subclinica o asimptomatica i risc cardiovascular
L’arteriosclerosi és una malaltia cronica que comenga a la infantesa amb I"acumulacio
de lipids a I'intima arterial i la formacié de I'estria de greix. Algunes d’aquestes estries,
amb la preséncia dels FRCV, evolucionaran a lI'adolescéncia a plaques fibroses i a
plagues complicades a I'edat adulta, com es demostra en estudis de necropsia.
(Strong et al., 1999)

En diversos estudis epidemiologics s’ha trobat una clara relacié entre la presencia i el

gruix de les plaques a l'artéria carotide i el risc d’esdeveniments cardiovasculars.

(Rundek et al., 2008) No obstant aix0, a les darreres decades s’han esmergat molts
esforcos per trobar altres marcadors de risc cardiovascular en subjectes que encara no
han desenvolupat la malaltia. En aquest sentit hi ha hagut diferents tipus
d’aproximacions entre les quals destaquem:

- Analisi dels factors de risc emergents esmentats en I'apartat anterior com soén els
antecedents familiars, I'obesitat abdominal, la dieta o I'exercici cardiorespiratori.

- Quantificacio de biomarcadors com, per exemple, marcadors d’inflamacid sistemica
com la proteina C reactiva de alta sensibilitat (hs-CRP) o bé marcadors de DE com els
gue s’han exposat en la taula 1, la microalbuminuria (MA), o el recompte de (CEP) o

circulants (CEC).

10



Introduccio

- Estudi de la funcié endotelial a través de les propietats biomecaniques de la paret
vascular com sén I'analisi de la rigidesa arterial o de la capacitat vasodilatadora.
Existeixen diverses proves funcionals segons quin sigui el territori vascular per
estudiar. Aixi, a la circulacid cerebral la prova gold standard és la vasoreactivitat
cerebral mesurada amb doppler transcranial (DTC) després de I'estimulacié amb
substancies vasodilatadores com sén la L-arginina, I'acetazolamida o el CO, inhalat.

- Proves basades en la radiologia amb I'objectiu d’evidenciar canvis subclinics a la paret
arterial. En aquest grup trobariem el calcul del gruix intima-mitjana carotidi (GIM) amb
ecodoppler, el calcul del calci intracoronari (CAC score) i el calcul de I'index turmell-
brag (ITB).

A les darreres guies pel maneig del risc cardiovascular de la ACC/AHA de 2013 s’han
establert unes recomanacions sobre |'Us d’aquestes proves per calcular el risc
cardiovascular basant-se en I'evidéencia cientifica acumulada els darrers anys. (Goff
etal., 2014) En destaca que cap dels marcadors estudiats ha estat avaluat com a eina
de cribratge en un assaig clinic aleatoritzat amb |'objectiu primari d’avaluar el
risc d’esdeveniments cardiovasculars. Per tant, les recomanacions es basen en
I'opinid d’un grup d’experts. S'estableix que, si després del calcul de risc, la decisio
sobre les mesures a prendre és incerta, es pot considerar I'analisi d’'un o més dels
seglients factors: historia familiar, hs-CRP, CAC score o I'ITB. No es recomana I'analisi
rutinari del GIM per la seva manca d’utilitat addicional provada en pacients
asimptomatics i tampoc no es recomana |'analisi de I’ApoB, la MA o |'exercici

cardiorespiratori, per la manca de dades suficients.
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La utilitat d’aquestes proves en pacients que ja han patit malaltia cardiovascular
tampoc s’ha establert, encara que hi ha estudis que han demostrat el seu valor
pronostic. Per exemple, el GIM carotidi, independentment del grau d’ateromatosi
carotidia, ha demostrat ser un bon marcador de risc cardiovascular durant el primer
any després d’un ictus no cardioembolic. (Roquer et al., 2011)

En aquesta guia també es recomana que el calcul del risc cardiovascular a 10 anys
s’hauria de revaluar cada 4-6 anys en adults entre els 40 i els 79 anys d’edat que

encara no hagin patit malaltia simptomatica.
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1.2. ARTERIOSCLEROSI CAROTIDIA (AC)

1.2.1. Epidemiologia

1.2.1.1. AC asimptomatica

Com s’ha explicat amb anterioritat, les plaques d’arteriosclerosi habitualment es
desenvolupen a les bifurcacions arterials, on la divisio del flux predisposa a canvis a
I’'homeostasi de I'endoteli. (Lehoux, 2006)Per aquest motiu la bifurcacio de I'artéria
carotide comuna en les artéries carotides interna (ACI) i externa (ACE) és un lloc
habitual de formacié de plaques. De fet, 'arteriosclerosi és la principal malaltia de
I’artéria carotide, molt per davant d’altres malalties com sén la displasia fiboromuscular,
la necrosi medial quistica, la vasculitis de gran vas i la disseccio arterial. (Grotta, 2013)
La prevalenga d’AC asimptomatica varia segons I'edat i el sexe. Aixi, en homes majors
de 50 anys la prevalenca d’AC moderada (estenosi 50-69%) és d’un 7,5% i severa
(estenosi 270%) d’un 3,1%. En dones majors de 50 anys la prevalenca d’AC moderada i
severa és d’un 5 0,9% aproximadament. Mentre que a la poblacid menor de 50 anys
s’estima que la prevalenca d’AC asimptomatica és propera al 0%. (de Weerd et
al., 2010) Curiosament, I’AC no esta distribuida simeétricament ja que sol ser
més prevalent al costat esquerre, on també s’ha observat una major vulnerabilitat
de les plaques respecte al costat dret. (Selwaness et al., 2014) La progressié de I'AC és
similara la d’altres regions vasculars, pero la relacid entre el creixement de la
placa, I'augment de I'estenosi i I'aparicié de simptomes és més complexa que, per

exemple, a la circulacié coronaria. (Grotta, 2013)
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1.2.1.2. AC simptomatica (ACS)

Els ictus isquémics es classifiquen principalment en 5 subtipus etiologics (Adams et al.,
1993): els ictus deguts a arteriosclerosi de gran vas (large artery atherosclerosis o LAA),
els secundaris a cardioembolisme (CE), els ictus lacunars o secundaris a oclusio de petit
vas (LAC), els ictus de causa infreqlent (IS) i els ictus de causa indeterminada o
criptogénica (UND. La classificacié d’un ictus com a LAA requereix uns requisits minims
com soén la demostracié d’una estenosi 250% en una de les artéries principals intra- o
extracranials responsables de la vascularitzacié de la zona simptomatica i I'exclusié
d’altres causes, principalment causes cardiaques d’embolia. Aproximadament entre un
10 i un 25% dels ictus isquémics son deguts a LAA. A les races caucasica i negra sol
afectar més a la circulacid extracranial, fonamentalment a I’artéria carotide, mentre
gue a les races hispana o asiatica afecta més freqiientment la circulacié intracranial.
(Arenillas, 2011; Gorelick et al, 2008; Schneideret al, 2004; Whiteet al, 2005; Wong,
2006) Aixo fa que la proporcio d’ictus deguts a ACS sigui variable a la literatura,
situant-la al voltant d’'un 10-20% de tots els ictus isquemics, depenent de la
poblacié estudiada i del tipus d’estudi etiologic realitzat. (Brott et al., 2011; Grotta,
2013)

A Espanya l'ictus per LAA és el subtipus etiologic més freqlient segons dos estudis
recents. A I'estudi poblacional IBERICTUS (Diaz-Guzmdn et al., 2012) realitzat el 2006,
el percentatge d’ictus per LAA va ser del 35% , seguit dels ictus UND (24%), els CE
(20%), els LAC (18%) i els IS (3%). Tanmateix, al registre multicentric hospitalari EPICES
(Arias-Rivas et al., 2012) realitzat entre el 2008 i el 2009, els percentatges foren LAA

28,4%, CE 26,2%, LAC 22,5%, UND 20,7% i IS 2,4%. Cal dir, no obstant aix0, que als
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paisos de renda mitja-alta, la prevalenca dels subtipus d’ictus esta canviant. A les
darreres dues décades s’ha observat un descens de la proporcid d’ictus per LAA,
possiblement a causa de la millor prevencié primaria, i un augment d’altres subtipus
com el CE, més lligat a I'envelliment. (Kolominsky-Rabas et al., 2015) Al registre
Basicmar, registre epidemiologic d’ictus de I'area sanitaria de I’'Hospital del Mar, en el
qual es basa aquesta tesi, la proporcié d’ictus LAA s’ha mantingut bastant estable
entre el 2005 i el 2014, representant un 12,9 % de tots els ictus isquemics (figures 3 i

4). L’etiologia més habitual en aquesta area sanitaria és I'ictus CE.

Figura 3 : Epidemiologia de I'ictus segons el registre BASICMAR entre el 2005 i el 2014.

N=4053 pacients.

Cardioembolic 33,20%

Lacunar 21,60%
Indeterminat complet
Aterotrombotic

Indeterminat incomplet

Indeterminat doble

Inusual

0,00% 10,00% 20,00% 30,00% 40,00%




Introduccio

Figura 4: Evolucio de l'ictus aterotrombotic a BASICMAR entre el 2005 i el 2014
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1.2.2. Mecanismes d’ictus a I'AC

Existeixen dos mecanismes pels quals I’AC pot provocar simptomes: bé per
tromboembolies distals a arteries retinals o cerebrals, el que s"anomena mecanisme
d’embolia artéria-arteria, bé per reduccié de la perfusié cerebral degut a I'existéncia
d’una estenosi critica o oclusié completa, que s"anomena mecanisme hemodinamic o
d’hipoperfusio.

Les embolies distals son degudes a la ruptura de la superficie d’una placa inestable. La
major part dels embols resulten de I'activacié de les plaquetes a la superficie de la
placa i, amb menys freqiéncia, de particules de colesterol. Els simptomes dels émbols
depenen de l'artéria distal afectada, com ara ceguesa transitoria (amaurosi fugac o

Afx) o permanent si és una artéria retinal, o si s’afecta la circulacid cerebral els
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simptomes (trastorn motor, sensitiu, visual, del llenguatge) depenen de la zona
afectada i de I’lhemisferi. Generalment s’afectara la circulacié cerebral anterior, o sigui
I'arteria cerebral mitja (ACM) o anterior (ACA) encara que també es pot afectar la
circulaciod posterior, depenent de I'anatomia del poligon de Willis.

El mecanisme d’hipoperfusio és degut o bé al creixement progressiu de les plaques, o
bé a I'oclusio aguda per trombosi in situ d’una placa carotidia inestable.

Sol afectar regions cerebrals anomenades frontera, que son els territoris arterials
limitants entres les principals arteries intracranials, ACA, ACM i arteria cerebral
posterior (ACP), on la pressid de perfusié és més baixa, més vulnerable a canvis i amb
menys arribada de flux colateral. Els infarts frontera, anomenats border-zone o
watershed, es poden arribar a distingir dels infarts embolics a les proves de
neuroimatgeria (Sette et al., 2000). No obstant aix0, la hipoperfusié com a causa
d’ictus és més infreqlient que la tromboembolia. Per tal que una lesid carotidia
provoqui simptomes hemodinamics cal que per una banda el grau d’estenosi carotidia
(EC) sigui moderat (= 60%) i per altra banda cal també que la circulacié colateral
intracranial sigui deficient, bé per estenosis o per hipoplasies arterials. Generalment
els mecanismes hemodinamics es manifesten amb més freqiiencia en forma d’accident
isquemic transitori (AIT) de repeticid i son més breus (< 1 min) que els AIT de causa
embolica que solen tenir una durada superior (5-30 minuts). (Grotta, 2013) Val a dir
que en un mateix individu poden coincidir mecanismes hemodinamics i embolics i son
sinérgics, segons s’ha demostrat en estudis animals i humans. Aixi doncs, la

hipoperfusié fa que hi hagi una menor capacitat per eliminar el material embolic que
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pugui haver sortit a la circulacid. La preséncia d’aquest doble mecanisme s’ha

associat amb lesions isquémiques més grans. (Derdeyn, 2007)

1.2.3. Severitat dels ictus per AC

Pel que fa a la severitat dels ictus per AC no disposem d’estudis que hagin analitzat
aquest factor tant important pel pronostic. Si que es coneix que, de tots els ictus
isquemics, els ictus per LAA solen tenir una severitat intermédia entre els ictus CE, més
severs, i els ictus lacunars, menys severs. (Grau et al., 2001) Tot i que cal tenir en
compte que s’han analitzat pacients amb estenosis tant intra- com extracranials i de
circulacié anterior i posterior. A més a més, dels assajos clinics de revascularitzacio,
gue son la principal font de coneixement d’aquesta malaltia, no es pot extreure
informacié sobre la severitat dels ictus ja que no es van incloure ictus severs i només
un 44% van ser ictus (35% AIT i 29% simptomes oculars). Aixi doncs, en un pacient amb
ACS la severitat de l'ictus pot variar des d’un AIT a un infart complet de circulacid

anterior (TACI) i es desconeix quins sén els factors relacionats amb la severitat.

1.2.4. Metodes diagnostics

No existeixen signes clinics especifics de malaltia carotidia. La preséncia d’un buf
carotidi pot traduir la preséncia d’EC severa per0 no sempre és aixi, ja que
aproximadament un 5% de la poblacié entre 45 i 80 anys presenta bufs carotidis sense
estenosi associada. (Ratchford et al., 2009)

Pel diagnostic de I’AC podem utilitzar diverses técniques d’imatge, cadascuna amb els

seus avantatges i inconvenients. La tecnica de cribratge més emprada avui en dia és
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I’ecografia-doppler de troncs supraaortics (Eco-TSA), ja que és incruenta, rapida,
economica i suficientment acurada pel diagnostic d’EC. Normalment es defineixen 4
graus d’EC a nivell de la ACI segons la velocitat doppler: lleu o <50%, moderada o 50-
69%, severa o 70-99% i oclusid completa. La principal limitacid és la dificultat per
distingir estenosis suboclusives (80-99%) de oclusions completes. (Brott et al., 2011)

Altres técniques possibles son I'angiografia per tomografia computeritzada (angioTAC),
I’'angiografia per ressonancia magnetica contrastada o no amb gadolini (angioRMN) i
I’'angiografia amb sostraccio digital (DSA), que es considera I'estandard de referéncia i
és la prova habitual utilitzada als assajos clinics. El métode per calcular el grau d’EC és
I’emprat a I'estudi North American Symptomatic Carotid Endartectomy Trial (NASCET),
(Barnett, 1998) que mesura el minim lumen residual a nivell de la lesié estenotica (L)
comparat amb el diametre (D) de la carotide interna distal on les parets sén ja

paral-leles amb la segiient férmula: Grau d’estenosi (%) = [1-(L/D)]x100.

Grau d'estenosi = 1-L/D

Figura 5: Mesura del grau d’estenosi segons I'estudi NASCET (Barnett, 1998)
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Tot i aixi, la DSA és una prova invasiva, i en pacients amb AC comporta un risc d’ictus
d’un 1%. (Goldstein et al., 2011) Per aquest motiu, i encara que existeix controvérsia i
diferéncies segons els centres, s’accepta la realitzacié de dos proves no invasives,
preferentment I'ecografia Doppler i | ‘angioRMN, ja que la fiabilitat augmenta i és
similar a la sensibilitat i especificitat de la DSA (Johnston and Goldstein, 2001; Moore,
2003; Nederkoorn et al., 2003). Per tant, la DSA es pot reservar per a casos
seleccionats que requereixin un major detall anatdomic o per a casos amb discordanca

entre les proves no invasives. (Grotta, 2013)

1.2.5. Pronostic de I’'AC

1.2.5.1. Risc d’ictus

Com s’ha comentat en apartats anteriors, el pronostic dels pacients amb AC esta
relacionat amb el grau d’estenosi, encara que només aquest factor no explica tot el
risc. Aixi per exemple, a I'estudi NASCET de pacients simptomatics, la taxa d’ictus als 18
mesos al grup de tractament medic fou d’'un 19% a les estenosi del 70-79%, d’un 28% a
les estenosi del 80-89% i d’un 33% al grup del 90-99%. (Barnett, 1998) En canvi el grup
de quasi oclusio o near oclussion, definida com estenosi severa que s"acompanya d’una
disminucié del diametre arterial i del flux distal, tenia un risc més baix que el grup
d’estenosi >70%. (Fox et al., 2005) Altres estudis de revascularitzacid en pacients
asimptomatics tampoc no han trobat una relacié clara entre el grau d’estenosi i el
risc d’ictus. Per exemple, a I'estudi ACAS (Asymptomatic Carotid Atherosclerosis
Study) i a I'estudi ACST (Asymptomatic Carotid Surgery Trial), els pacients amb

estenosi 60-80% tenien taxes d’ictus més altes que els pacients amb una estenosi
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major. (Halliday et al., 1994; Young et al., 1996)

Degut a que la correlacido entre el grau d’estenosi i I'existéncia d’esdeveniments
vasculars és imperfecta, s’han estudiat altres potencials marcadors de risc com, per
exemple, el grau de vulnerabilitat de la placa. Aixi, en estudis basats en les
caracteristiques de la placa per ecodoppler, el grau d’ecotransparéencia, I'existencia
d’hemorragia intraplaca o d’ulceracié de la coberta fibrosa i el grau de contingut lipidic
al cor s’han correlacionat amb un major risc d’ictus. (Fisher et al., 2005; Lal et al., 2002)
L ‘angioRMN amb contrast, la RMN intravascular i la TAC també s’han utilitzat en
estudis de caracteritzacid de placa. Aixd ha propiciat el desenvolupament en els
darrers anys de softwares automatics de caracteritzacié de plagues tant per ecografia,
angioRMN o TAC. (Brott et al., 2011)

Altres factors que s’han associat amb la vulnerabilitat de la placa i un major risc de
simptomes sén |'activitat metabolica de la placa amb Tomografia per Emissido de
Positrons (PET-18F-FDG) o els nivells plasmatics de hs-CRP i MMP-9 i LDL-ox .
(Alvarez Garcia et al., 2003; B. Alvarez et al., 2004; Figueroa et al., 2012; Marnane et
al., 2012; Nishi et al., 2002) (Figures 6i 7)

Malgrat que aquestes tecniques han millorat el coneixement de la fisiopatologia de

la placa arteriosclerotica, la utilitat de les caracteristiques morfologiques,
patologiques o bioquimiques de la placa en la prediccié d’esdeveniments
cerebrovasculars no ha quedat ben establerta en estudis prospectius. Aixo fa que
el grau d’estenosi estimat amb I'ecografia Doppler continui sent el principal
determinant de la severitat de la malaltia i la base de les decisions cliniques. (Brott et

al., 2011)
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Figura 6: De A a E : Seccions axials i coronals de PET-TAC del coll. A-D: Placa amb
morfologia d’alt risc (HRM): baixa atenuacid (LAP),remodelat positiu (PR) i captacié
intensa de *® FDG. E-H: Placa predominantment calcificada sense HRM. L’activitat de la
placa és baixa, menor que I'activitat de la medul-la espinal o de la cavitat orofaringica
(Ph). Imatge de Figueroa et al. (Figueroa et al., 2012). Copia permesa per Wolters
Kluwer Health, Inc.

Figura 7: A-E: Imatges PET-TAC del panell

§ superior de la Figura 6 que representen les
E caracteristiques morfologiques d’alt risc (HRM).
5 A, imatge TAC d’una placa amb lumen irregular,
baixa atenuacié (LAP) i remodelament positiu
% (PR). B, captacid elevada de 18FDG a la mateixa
§§ placa, predominantment a la regid de baixa
& E atenuacid. Ci D, Tincié de tricromic i CD68 de la
EE mateixa localitzacid que mostra la presencia de
&= 3 cors necrotics (NC). E: Micrografia de la tincio
CD 68 de NC1. De manera dispersa i envoltant el
5 & NC es troben cel-lules amb tincid obscura,
ng..f indicant la infiltracido per macrofags. Imatge de
E’E Figueroa et al. (Figueroa et al., 2012). Copia
permesa per Wolters Kluwer Health, Inc.
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1.2.5.2. Risc d’altres esdeveniments cardiovasculars

L'arteriosclerosi és una malaltia sistémica, per tant, els pacients amb AC freqientment
presenten arteriosclerosi en altres localitzacions de I'arbre vascular, generalment
al'aorta, artéries coronaries o arteries perifériques. (Craven et al., 1990) Per
aquest motiu tenen un risc augmentat d’ictus, IAM i mort per causa cardiaca. De
fet, en pacients amb AC asimptomatica el risc de mort per malaltia coronaria és
superior que el risc de mort per ictus en alguns estudis. (Divya et al., 2015; Norris et
al., 1991) No obstant aix0, no s’han fet estudis epidemioldgics poblacionals per
confirmar-ho. En pacients amb ACS els assajos de revascularitzacié quirurgica dels
anys 90 van trobar una taxa de mortalitat per causa cardiaca als 10 anys variable,
entre el 19% i el 51% dels pacients, segons la prevalenca de FRCV a les diferents
cohorts. Per aquest motiu, I'ictus de causa LAA es considera avui en dia un equivalent
de malaltia coronaria per al calcul del risc cardiovascular. (Lackland et al., 2012)
Malgrat tot, els assajos mésrecents de cirurgia versus stenting han trobat taxes
de morbimortalitat cardiaca menors, al voltant de I’1% anual, indicant una major
efectivitat del tractament meédic en els ultims anys, (Hong et al., 2011) encara que

no hi ha dades de seguiment a 10 anys.

1.2.6. Tractament de I’AC

El tractament dels FRCV constitueix la base del tractament de prevencié primaria i
secundaria per pacients amb AC. Pel que fa a la revascularitzacié arterial, als darrers 20
anys s’han dut a terme nombrosos assajos clinics que han intentat respondre a la

pregunta de quins sén els pacients que s’han de revascularitzar i quina és la millor
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tecnica de revascularitzaci6 per a cada pacient, endoarteriectomia (carotid
endarterectomy o CEA) o angioplastia amb stent carotidi (carotid stenting o CAS). Ha
guedat clar, com es comentara a I'apartat seglient, que la revascularitzacio és superior
al tractament medic en pacients amb ACS si I'estenosi és 250%. En canvi, el benefici en

pacients amb AC asimptomatics és més limitat.

1.2.6.1. Endoarteriectomia carotidia (CEA)

Els estudis NASCET, I'European Carotid Surgery Trial (ECST) i el Veterans Affairs
Cooperative Study Program (VACS) van demostrar a principis dels anys 90 que en
pacients amb ictus degut a EC250%, la CEA durant els primers 180 dies era superior al
tractament medic pel que feia a la reduccié de recurréncies. (Barnett, 1998; MRet al.,
1991; Warlow et al., 1998) Aixi doncs, en una analisi conjunta dels tres estudis que va
incloure més de 6000 pacients, a 5 anys de seguiment, la CEA augmentava el risc
d’ictus ipsolateral en el grup d’EC<30% (n=1746, reduccié absoluta del risc o RAR -
2,2%, p=0,05), no tenia cap efecte en el grup d’EC 30-49% (n=1429, RAR 3,2%, P=0,6),
tenia un benefici lleu en les EC 50-69% (n=1549, RAR 4,6%, P=0,04) i un gran benefici
en el grup d’EC > 70% sense near occlusion (n=1095, RAR 16%, P<0,001). En el grup de
near occlusion hi havia una tendéncia al benefici als dos anys (n=262, RAR
5,6% ,P=0,19) perd no es trobava benefici als 5 anys (RAR 1,7%, P=0,9). (Rothwell et
al., 2003)

El risc quirdrgic de la CEA (ictus o mort) en els assajos NASCET, ECST i VA fou del 7,1%,
mentre que en estudis posteriors com el Stent-Protected Angioplasty versus Carotid

Endarterectomy (SPACE) (Eckstein et al., 2008), el risc fou menor, del 5,9%. Encara que
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molts estudis han trobat pitjors resultats quant a morbimortalitat quirdrgica i
reestenosi en dones respecte a homes, aquestes dades sén inconsistents en la
literatura. (Luebke and Brunkwall, 2015) També I'edat és un factor controvertit, ja que
hi ha estudis que si que han trobat un augment del risc quirdrgic en majors de 75 anys i
altres estudis que no han trobat diferéncies. (Brott et al., 2011).

Subanalisis conjuntes dels estudis NASCET i ECST van mostrar que el benefici de la
cirurgia depenia del temps. Era clarament superior si el procediment es duia a terme
dintre de les primeres dues setmanes desprées del ‘esdeveniment clinicamb un nombre
necessari per tractar (NNT) de 3 per prevenir un ictus en 5 anys en el grup d’EC>70%,
NNT de 6 si la cirurgia es feia en 2-4 setmanes, NNT de 9 després de 4 setmanes i NNT
de 125 a partir dels 3 mesos. En el grup d’estenosi 50-69% la cirurgia només era
beneficiosa si es realitzava en les 2 primeres setmanes des de |'esdeveniment isquemic
amb NNT de 7.

La seguretat de la CEA precoc¢ (< 2 setmanes) en aquest subgrup d’ictus lleus s’ha
confirmat en diversos estudis, amb una morbimortalitat similar a la de la cirurgia
en fase estable. (Rerkasem and Peter M. Rothwell, 2009) Amb aquests resultats ,des
de I'any 2004 les guies de prevencidé americanes i europees recomanen que en
pacients amb ictus o AIT secundari a EC moderada-severa es realitzi la cirurgia
dintre dels primers 14 dies (Recomanacio classe Il a; Nivell d’evidéncia B). Aixo
sempre que no hi hagi contraindicacions per a la cirurgia preco¢ com serien pacients
amb ictus extensos, ictus en evolucié o amb transformacié hemorragica. (Fuentes et
al., 2014; Kernan et al., 2014) Malgrat aquestes recomanacions, la realitat és que
menys del 50% dels pacients amb ACS sén tractats amb CEA i només una minoria
dintre dels primers 14 dies. (Fairhead et al., 2005; Gladstone et al., 2009; Poisson et

al., 2010)
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Com a raons potencials pel retard fins a la cirurgia s’han reconegut diferents
factors: relacionats amb el pacient (retard en el reconeixement dels simptomes i
en cerca d’atencido médica), depenent dels metges (retard en el diagnostic i la
derivacié) o factors relacionats amb el sistema de salut i els recursos (accés

rapid a les proves diagnostiques, quirofans i personal quirurgic).

1.2.6.2. Angioplastia carotidia (CAS)

La CAS és una alternativa menys invasiva que la cirurgia per a la revascularitzacio
carotidia, ja que al ser una técnica percutania ocasiona menys desconfort al pacient i
escurca el periode d’ingrés i recuperacié. En els darrers 20 anys s’han realitzat
nombrosos assajos clinics tant en pacients amb ACS com asimptomatica. Molts d’ells
han estat patrocinats per la industria farmaceutica amb I'objectiu d’avaluar un stent o
sistema de neuroproteccié concret. Els més rellevants sén el Carotid

Revascularization Endarterectomy versus Stenting Trial (CREST), realitzat als Estats
Units i al Canada i que va incloure més de 2500 pacients simptomatics i
asimptomatics, i tres estudis europeus que varen estudiar només pacients
simptomatics: I'Endarterectomy versus Angioplasty in Patients with Symptomatic
Severe Carotid Stenosis (EVA 3), I'SPACE il ’International Carotid Stenting Study
(ICSS). (Bonati et al., 2010) La majoria no han trobat un benefici en I'Gs de la CAS
respecte de la CEA degut principalment a un major augment dels ictus i mort
periprocediment. En una revisié sistematica de Cochrane que incloia 16 assajos
clinics amb més de 7500 pacients es va confirmar que en pacients simptomatics

amb risc quirdrgic estandard la CAS s’associa amb un risc
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augmentat d’ictus o mort als 30 dies de tractament respecte a CEA [OR:1,72 (IC 95%:
1,29-2,31)] encara que el risc posterior d’ictus ipsolateral durant el seguiment no és
diferent entre les dues opcions terapéutiques [OR: 0,93, (IC 95% :0,60-1,45)]. Hi ha una
interaccio clara entre I'edat i I'efecte del tractament. En subjectes menors de 70 anys
el risc de mort o ictus periprocediment és similar a la CEA [OR:1,16 (IC 95%: 0,80-
1,67)]. En canvi, en poblacié major de 70 anys el risc és superior en la CAS [OR: 2,20, IC
(95%: 1,47-3,29)]. (Bonati et al., 2012)

Malgrat tot aix0, el tractament amb CAS també té el seu lloc en aquesta patologia. En
pacients d’alt risc quirdrgic tant simptomatics com asimptomatics I'assaig clinic
Stenting and Angioplasty with Protection in Patients at High Risk for Endarterectomy
trial (SAPPHIRE ) va demostrar que la CAS no era inferior a la CEA ni als 30 dies (Yadav
et al., 2004) ni als 3 anys postprocediment. (Ansel et al., 2008) Malgrat aixo0, la taxa
d’outcomes primaris a I'lany (mort, ictus o infart de miocardi) va ser molt alta en els
dos grups de tractament (20,1% en la CEA i 12,2% en la CAS) i per aix0 es va plantejar
la qliestio sobre quin és el benefici de la revascularitzacié carotidia en pacients
asimptomatics de tant alt risc.

En aquest estudi es va considerar com d’alt risc quirdrgic I’edat superior a 80 anys, la
preseéncia de malaltia cardiaca, pulmonar o renal severa, oclusid carotidia
contralateral, paralisi del nervi laringi recurrent contralateral, preséncia de
tragueotomia, reestenosi després d’'una endoarteriectomia, cirurgia radical cervical
préevia o radioterapia cervical. (Yadav et al., 2004)

Amb tot aix0, en les darreres guies de prevencio secundaria d’ictus es planteja com a

raonable que la CAS pugui ésser una alternativa a la CEA per a pacients simptomatics
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amb estenosi>70% sempre i quan el risc periprocediment sigui <6% , sobretot en
pacients joves menors de 70 anys i pacients amb risc quirdrgic augmentat
(Recomanacié Classe Il a; Nivell d’evidencia B). (Kernan et al., 2014)

Quant a la reestenosi despres de la revascularitzacid, les dades més recents que s’han
obtingut de I'estudi CREST han objectivat una taxa molt similar als 2 anys en els
dos grups (6% CAS i 6,3% amb CEA). (Lal et al.,, 2012) La reestenosi s’associa
amb I'antecedent de HTA, sexe femeni i DM i no s’associa clarament amb un
augment del risc d’ictus, per tant, no existeix una recomanacio pel seguiment
ecografic i eventual revascularitzacid en pacients que es mantinguin asimptomatics.

(Kernan et al., 2014)

1.2.6.3. Tractament meédic

El tractament medic de l'arteriosclerosi carotidia inclou el tractament dels FRCV
modificables (HTA, DM i DL), I'abstencié del tabaquisme, la practica d’exercici fisic
regular i la complementacié d’una dieta mediterrania. Es recomana el tractament de
I'HTA per sobre de 140/90mmHg excepte en la fase hiperaguda del ictus, pel risc
potencial d’empitjorament clinic. (Brott et al., 2011)

El tractament antiagregant amb acid acetilsalicilic (AAS) 50-325mg es recomana en
prevencid primaria encara que no hi hagi evidéencia de I'efecte protector en pacients
amb AC asimptomatica (Brott et al., 2011a), mentre que si que és efectiu en

prevencio secundaria (Recomanacié classe 1; nivell d’evidencia A). Com alternativa a
I’AAS es pot utilitzar clopidogrel 75mg o la combinacid6 AAS 25mg i dipiridamol
200mg/12h (Recomanacio classe 1; nivell d’evidencia B). Es considera també raonable
la utilitzacié de la combinacié d’AAS i clopidogrel 75mg perd no es recomana més

enlla de 3 mesos
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per I'augment del risc hemorragic (Recomanacio Classe llb; nivell d’evidéncia B)(Gouya
et al., 2014; Huang et al., 2013; Kernan et al., 2014; Markus et al., 2005; Wang et al.,
2013). En canvi, la terapia dual amb AAS i ticagrelor o prasugel no ha demostrat
superioritat a I’AAS amb clopidogrel als estudis realitzats fins ara i per tant no es
recomana. (Gouya et al., 2014) Tampoc no es recomana |’Us d’anticoagulants orals o
heparina tret que el pacient tingui un altra indicacié com pot ser la fibril-lacié auricular
(FA) o ser portador de protesi valvular. (Kernan et al., 2014)

El tractament médic amb estatines es considera un dels aven¢cos medics recents més
importants en la prevencid de l'ictus, ja que a banda del seu efecte hipolipemiant ha
demostrat un efecte estabilitzador de plaques arteriosclerotiques (Amarenco et al.,
2004). Diverses metanalisis d’assajos clinics han mostrat que el tractament amb
estatines, en combinacié amb altres estratégies preventives, disminueix el risc d’ictus
tant en prevencid primaria com secundaria (una reduccié de 1 mmol/Lo 39mg/dL de
LDL associa una reduccio del RR del 21,1% (95% IC: 6,3-33,5), P=0,009. En prevencid
secundaria d’ictus no cardioembolic la reduccié intensa del LDL-col redueix el risc
d’ictus recurrent [RR 0,84 (95% IC: 0,71-0,99) P=0,03], i d’altres esdeveniments CV
majors [RR 0,80 <895% 1C:0,69-0,92), P= 0,002]. (Amarenco and Labreuche, 2009)
Malgrat aixo, a l'estudi de prevencidé secundaria Stroke Prevention by Aggresive
Reducion in Cholesterol Levels (SPARCL) es va descriure un lleu augment d’ictus
hemorragic al grup de tractament amb estatines [n=55 ( 2,3%) versus n=33 (1,4%) al
grup placebo; HR: 1,66; 95% Cl, 1,08-2,55] (Amarenco et al., 2006). El sexe masculi,
I'edat i I'antecedent d’ictus hemorragic es van associar també amb la incidéncia d’ictus

hemorragic durant el seguiment. Per aix0 es recomana precaucié al considerar el
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tractament amb estatines en pacients amb antecedents d’hemorragia cerebral o edat
avancada. (Goldstein et al., 2009)

Es consideren recomanables uns nivells de LDL <100mg/dL en prevencié primaria
(classe 1, ev B) i <70mg/dL en prevencié secundaria (Recomanacié classe lla; nivell
d’evidencia B) (Kernan et al., 2014). No obstant aix0, no esta clar que la reduccié
intensa (<70mg/dL) d’LDL sigui superior a la reduccié moderada (<100mg/dL) pel que
fa a la reduccié d’esdeveniments CV en pacients amb ictus, i és motiu d’un assaig clinic
que s’esta duent a terme a l'actualitat (Treat Stroke to Target (TST) trial
(ClinicalTrials.gov, unique identifier: NCT01252875).

La reduccié dels triglicerids (TG) i I'augment de I'HDL podrien també associar una
reduccid addicional del risc, segons es dedueix dels estudis epidemiologics,

pero aquesta hipotesi encara no ha estat provada i també esta sent avaluada en
I'actualitat. (Amarenco and Labreuche, 2009)

Malgrat la millora en els tractaments en les darreres décades, sabem gracies al registre
EUROASPIRE (European Action on Secondary and Primary Prevention by Intervention
to Reduce Events) que només aproximadament un ter¢ dels pacients amb malaltia
cardiovascular tenen els FRCV controlats. (Kotseva et al., 2015) A més, als assajos
clinics de revascularitzacié dels anys 90 una proporcié molt baixa de pacients del grup
de tractament medic (pex. només el 15% al NASCET) anava tractada amb estatines i no
s’incloia com a tractament medic I'Us d’antiagregants com el clopidogrel o el maneig
intens dels factors de risc modificables. Aquest régim de tractament médic agressiu o
intensiu ha demostrat recentment ser superior a I'angioplastia i I'stenting en pacients

amb ictus o AIT secundaris a una estenosi intracranial severa (70-99%), degut sobretot
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a l'alt risc d’ictus periprocediment del grup d’angioplastia (Derdeyn et al., 2014). En
aquest estudi el tractament meédic incloia doble antiagregacio amb AAS 325mg i
Clopidogrel75mg durant 3 mesos i control intensiu dels factors de risc vascular amb
TAS <140mm Hg (<130mm Hg en DM), LDL < 70mg/dl en un programa de modificacid
d’habits d’estil de vida amb control de dieta i exercici fisic regular. Per tant, donada
I’evidéncia del tractament meédic intensiu tal com es concep en l'actualitat, alguns
autors advoquen per nous assajos clinics que comparin aquest nous régims de
tractament amb les terapies de revascularitzacié carotidia (quirdrgica o intravascular )
per tal d’avaluar si el benefici de les intervencions continua sent el mateix que als anys

90. (Chaturvedi and Bhattacharya, 2014)

1.2.6.4. Tractament de I’AC asimptomatica

Encara que I’AC és un factor de risc d’ictus, els estudis poblacionals han mostrat que el
cribratge poblacional global d’AC no s’associa amb una reduccié del risc. (Goldstein et
al., 2011) A més, amb la millora dels tractaments medics actuals, el risc anual d’ictus
en pacients amb AC asimptomatica es <1% i, per tant, es considera que el benefici de
la revascularitzacié en la actualitat seria nul (Abbott, 2009; Marquardt et al., 2010;
Woo et al., 2010). En les darreres guies de prevencié primaria es recomana que a la
seleccid de pacients asimptomatics per a revascularitzacié es tingui molt en compte
I’expectativa de vida i les comorbiditats i s’"han de discutir clarament amb el pacient el
riscos i beneficis del procediment (Classe I, nivell d’evidéncia C). (Goldstein et al., 2011)
Seria raonable plantejar revascularitzacié carotidia en pacients asimptomatics que

tinguin una estenosi 270% sempre i quan el risc quirdrgic fos baix (Classe lla, evidencia
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A). (Brott et al., 2011a) No obstant aix0, es necessiten més dades de seguiment a llarg
termini. Per aquest motiu hi ha en marxa en l'actualitat una serie d’assajos clinics
col-laboratius a Europa i els EUA que estan intentant establir quin seria el millor

maneig terapeutic en aquest pacients. (Chaturvedi and Bhattacharya, 2014)

1.3. RECURRENCIA DE L’AC SIMPTOMATICA

1.3.1. Epidemiologia

El risc de recurrencia en l'ictus LAA és el més elevat de tots els subtipus d’ictus. En un
estudi poblacional dut a terme a la poblacié d’Oxford els ictus LAA tenien un risc
triplicat de patir una recurréncia als 7, 30 i 90 dies comparat amb els altres subtipus.
(Lovett et al., 2004) Posteriorment, un estudi hospitalari de cohorts de pacients amb

AIT també va mostrar que el risc de recurréncia als 90 dies era significativament
superior als AIT per LAA(20%) comparat amb els CE (11,5%), UND (4,7%) o LAC (1,5%).
(Purroy et al., 2007)

Com s’ha comentat abans, una placa simptomatica ho és o bé perqueé és inestable amb
risc de tromboembolies distals o bé perque ha arribat a una situacié d’estenosi que
compromet el flux cerebral. Totes dues situacions tenen un alt risc de repetir-se si no
s’adopten mesures terapeutiques. Aixi, s’ha observat que el risc de recurréncia és més
alt durant el primer mes degut a la estabilitzacid posterior de la placa i al
desenvolupament de circulacioé colateral. (Ramani K Na clin paract 2007)

Al grup de tractament medic de I'estudi NASCET el risc de recurrencia als 90 dies va ser
de 11,78%. (Eliasziw et al., 2004) Altres estudis duts a terme entre els anys 2000 i 2005
van trobar risc de recurréncies en pacients tributaris de CEA variables segons la

poblacidé estudiada: 10,48% als 30 dies en una cohort hospitalaria de pacients amb EC
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severa (270%) (Blaser et al., 2002) o 21% als 15 dies i 32% als 3 mesos en un estudi
poblacional de pacients amb EC (250%) a la poblacié d’Oxford. (Fairhead JF et al.,

2005)

1.3.2. Factors de recurréncia.

Gran part del coneixement que tenim del risc de recurrencia a I'EC simptomatica es
basa en subanalisis dels assajos clinics de revascularitzacid. Malgrat aixo, la majoria
d’aquest estudis es centren més en I'evolucio a llarg termini i descriuen poques dades
sobre la fase aguda i subaguda de l'ictus. Entre els factors que s’han associat a un
augment del risc de recurréncia trobem:

° FRCV i variables cliniques: El risc de recurrencia s’associa a la majoria de FRCV
classics com son el sexe masculi, I'edat, 'HTA, la DM, la DL, I'antecedent d’ictus i de
cardiopatia isquémica. (P. Rothwell et al., 2004)

° El tipus d’esdeveniment inicial: En tots els assajos s’ha descrit un risc d’ictus
inferior als pacients amb simptomes inicials retinals, ja siguin transitoris o permanents.
A I’analisi conjunta de NASCET i ECST aquest risc fou gairebé la meitat (13% vs. 25% a 5
anys) respecte dels pacients amb simptomes cerebrals (Benavente et al., 2001; P.
Rothwell et al., 2004). En pacients amb simptomes cerebrals, no es van trobar
diferencies significatives a llarg termini, mentre que a curt termini, els pacients que
havien patit un AIT hemisferic tenien un risc de recurréncia als 90 dies del 20,1%
comparat amb el 2,3% dels pacients que havien patit un ictus. El risc als 2 dies també

era superior al grup d’AlT inicial (5,5%) comparat amb el grup d’ictus (0,0%). Dintre del
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subgrup d’AIT inicial la presencia d’un infart a la neuroimatgeria doblava el risc de
recurrencia als 90 dies [HR 2,1,( 95% IC 1,5-3,0)]. (Eliasziw et al., 2004)

° Coexisténcia d’arteriosclerosi intracranial: En el grup de tractament meédic de
I’estudi NASCET la coexistencia d’arteriosclerosi intracranial ipsolateral es va associar al
risc de recurréncia tant als 30 dies com als 3 anys. (RR: 1,1 i 1,4 respectivament).
(Kappelle LK et al., 1999, Eliasziw et al.,2004)

° Preséncia de circulacié colateral a I'angiografia: A I'estudi NASCET, el risc de
recurrencia ipsolateral a dos anys en el grup de tractament meédic fou 27,8% en
pacients sense colaterals i es reduia a 11,3% en aquells pacients que presentaven
circulacié colateral a través de les artéries comunicants anterior i posterior.
(Henderson et al.,2000)

. Altres dades angiografiques: L'Unica variable que es va trobar associada al risc
de recurréncia, de les moltes analitzades, va ser I'existéncia d’una placa irregular o
ulcerada a la carotide simptomatica [HR: 1,35 (95% IC: 1,11-1,64), p=0,003]. En canvi,
ni el grau d’estenosi de la carotide simptomatica ni I'existencia d’una oclusid
contralateral van demostrar associacio (Eliasziw et al., 2004; P. Rothwell et al., 2004).

° Senyals microemboliques: La deteccié de senyals microemboliques a I’ACM
ipsolateral amb DTC s’ha associat de forma clara amb el risc d’ictus tant en pacients
amb EC simptomatica com asimptomatica. La deteccié de senyals microemboliques és
més freqlient en pacients amb plaques ulcerades. (Molloy and Markus, 1999; Siebler et
al., 1995)

° La reactivitat cerebrovascular mesurada amb CO2:La preséncia d’'una reserva

hemodinamica exhausta ipsolateral és un factor independent de recurréncia en
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pacients amb EC> 70% . En una cohort hospitalaria de pacients amb EC severa 270%
tributaris de CEA, la taxa d’ictus en pacients amb reserva exhausta fou del 27% al mes
comparat amb el 5,2% en pacients amb vasoreactivitat normal. (Blaser et al., 2002)

° Temps des del primer simptoma: Als assajos clinics, el risc de recurrencia al
grup de tractament medic es va associar de forma inversa al temps des dels simptomes
fins a la randomitzacid, tot i que no tenim dades reals de quants pacients es van perdre
per presentar recurréncies precoces incapacitants, ja que el periode de randomitzacié
abastava els 180 dies posteriors als simptomes i la mediana de temps des de
I’esdeveniment inicial a I'aleatoritzacié va ser de 36 dies a I'estudi NASCET i de 45 a
I’'ECST. (Rothwell et al., 2004)

° Temps fins a la revascularitzacié: Com ja s’ha comentat en el apartat de
tractament, el retard de la cirurgia s’ha associat de forma inqliestionable a I'augment
del risc de recurréncia. A I'estudi poblacional d’Oxfordshire entre 2002 i 2004, el temps
mig fins a la CEA fou 100 dies (rang interquartilic o IQR: 59-137). Només 6% dels
pacients van rebre la CEA en 2 setmanes i un de cada 3 pacients va presentar un ictus
recurrent esperant la cirurgia. La meitat d’aquestes recurrencies foren incapacitants.
(Fairhead et al., 2005) El registre prospectiu de la xarxa canadenca d’ictus entre 2003 i
2006 va mostrar dades lleugerament millors: en pacients amb EC >50%, només un terg
rebien la cirurgia durant les dues primeres setmanes i el 10%patien recurréncies.
(Gladstone et al., 2009) El balang entre el risc de recurréncia de l'ictus i el risc d’una
revascularitzaci®6 molt preco¢ és un tema que encara no esta resolt ja que una
revascularitzacié molt prematura pot produir canvis hemodinamics dintre de 'area de

necrosi isquémica que resultin en una transformacié hemorragica a més del risc
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d’embolia d’una placa amb trombosi aguda. Alguns estudis publicats entre 2002 i 2011
no han descrit un augment de la morbimortalitat en pacients intervinguts de forma
urgent (<48h) (Rantner et al., 2005; Salem et al., 2011; Sbarigia et al., 2006). No
obstant aix0, es tracta d’estudis amb una mida de mostra molt petita. En canvi, una
metanalisi que recull tots els estudis publicats des del 1980 fins al 2008 va descriure un
augment del risc perioperatiu en pacients intervinguts de forma urgent per
deteriorament neurologic (AIT in crescendo o ictus progressiu), mentre que no
s’objectiva augment de risc en pacients estables. (Rerkasem and Peter M Rothwell,
2009) Tanmateix, els resultats publicats recentment del registre vascular suec, que
inclou més de 2500 CEA entre 2008 i 2011, mostren un augment del risc d’ictus i mort
en pacients intervinguts dintre de les primeres 48h des de l'inici dels simptomes
independentment de la estabilitat dels simptomes (11,5% vs. 4% en pacients
intervinguts entre els dies 3 i 14). Només el grup de pacients amb amaurosi fugac
presenta un risc més baix. (Stromberg et al., 2012) Queda per saber si dintre dels
primers dos dies el benefici del millor tractament medic supera el risc de recurréncia
mentre s’espera la CEA.

. Biomarcadors: No existeix en 'actualitat un biomarcador de recurréencia en
pacients amb ACS. Estudis a gran escala recents que han inclos tots els subtipus d’ictus
han trobat un valor predictiu lleu d’alguns marcadors d’inflamacié com la interleucina
6, I’hs-CRP (Segal et al., 2014) o la lipoproteina associada a la fosfolipasa A, (Elkind et

al., 2006). Amb tot, cap d’aquests marcadors s’utilitza en la practica clinica rutinaria.
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1.4. Deteriorament neurologic precog (DNP)

1.4.1. Definicié

El DNP es defineix com I'empitjorament neurologic durant les primeres 72h després
d’un ictus isquémic. Es una complicacié freqiient encara que la incidéncia és variable
segons els estudis, entre un 13 i un 37% de tots els ictus isquémics. Aixo és degut a
diferencies entre les poblacions estudiades i entre les definicions de DNP emprades.
(Thanvi et al., 2008) La definicié pot incloure tant els ictus progressius com les
recurréncies precoces.

Les causes de DNP estan relacionades amb la fisiopatologia de I'ictus isquémic. Aixo el
diferencia del deteriorament neurologic més tarda que sol ésser degut a complicacions
sistémiques com infeccions, trastorns metabolics o altres complicacions vasculars.
(Cuadrado-Godia 2015)

La fisiopatologia exacta del DNP no és del tot ben coneguda. S’han involucrat diversos
mecanismes com son: la manca de circulacié colateral en pacients amb estenosis
critiques o oclusions d’artéries grans intra- o extracranials; la progressié d’una
trombosi in situ d’una arteria intracranial amb augment de l'area d’infart; la
recurrencia d’'una embolia distal des d’'una placa inestable o una altra font embolica;
I"augment de I'area infartada per edema o la transformacié hemorragica, sobretot en
pacients tractats amb fibrinolitics. (Thanvi et al., 2008)

1.4.2. Factors predictors

En els darrers anys s’han realitzat nombrosos estudis amb I'objectiu d’identificar
factors predictors de risc de DNP. D’aquesta manera s’ha demostrat la influéncia

d’algunes variables cliniques com son: la severitat inicial (els ictus més severs tenen
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més risc de DNP) o l'existencia d’una lesid extensa a la neuroimatgeria inicial;
I’etiologia de l'ictus (els ictus LAA tenen més risc que els LAC o els CE) (Davalos et al.,
1990); factors metabolics com la hiperglucemia a I'ingrés, la concentracié alta d’urea
plasmatica (Castillo, 1999); nivells augmentats de marcadors d’inflamacié com el
recompte de leucocits, factor de necrosi tumoral alfa, interleucina 6, ICAM-1 i la
MMP-9 o concentracions baixes de la citocina antiinflamatoria interleucina 10;
(Audebert et al., 2004; Castellanos et al., 2002; Kim et al., 2006; Vila et al.,
2003) dany per excitotoxicitat determinat amb la concentracié plasmatica de
glutamat i GABA; (Serena et al., 2001) factors hemodinamics com la variacié de la
tensié arterial durant les primeres 24h; (Castillo et al., 2004) una reserva
hemodinamica cerebral exhausta (<2%/mmHg); (F. J. Alvarez et al.,, 2004) i la

presencia d’estenosi severa o oclusidé en 'artéria simptomatica. (Ois et al., 2008)

1.4.3. Tractament del DNP

El DNP és, encara avui, un problema sense resoldre, ja que no té un tractament
especific i implica un pitjor pronostic per al pacient. (Castillo, 1999) No obstant aixo, el
DNP és pot intentar prevenir. L’Unica mesura de prevencié que ha demostrat reduir el
risc de DNP és I'ingrés a una Unitat d’Ictus (Ul) amb maneig multidisciplinari per part
de neurdlegs vasculars i personal d’infermeria entrenat. En un estudi realitzat a
I’'Hospital del Mar es va demostrar que I'ingrés a I’'Ul disminuia el risc de DNP comparat
amb l'ingrés a la Unitat de Neurologia convencional i, d’aquesta manera, millorava el
pronostic dels pacients. (Roquer et al., 2008) No obstant aixd, malgrat el benefici de les

Ul, un percentatge important de pacients pateixen encara DNP i per aixo es molt
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important la identificacié de factors predictors que puguin detectar els pacients amb

major risc tributaris de mesures terapeutiques excepcionals o experimentals.
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2. JUSTIFICACIO DE LA TESI

La causa més freqlient d’ictus aterotrombotic a la nostra poblacié és I’AC. Sabem que
els ictus aterotrombétics tenen un major risc de recurrencia que els ictus d’altres
etiologies. No obstant aix0, hi ha molts interrogants sobre I'evolucié inicial dels ictus
deguts a AC simptomatica, ja que la principal font d’evidencia, els assajos clinics de
revascularitzacid, no ha aportat dades sobre aquesta fase inicial. Tenim poques dades
sobre la proporcié de recurréncies durant les primeres hores i dies i sobre la seva
severitat, factors clau a I’'hora de decidir tractaments de revascularitzacié posteriors.
No sabem quin és el percentatge de pacients que continua presentant recurrencies
abans de la cirurgia en la actualitat, amb la millora dels tractaments meédics. Per ultim,
no disposem encara d’un biomarcador de recurréncia que pugui ajudar a la seleccié de

pacients d’alt risc en aquest subtipus d’ictus.
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Hipotesi

3.  HIPOTESI

Tot i la milloria en el tractament meédic, la taxa de recurréncia i de deteriorament
neurologic precog, en pacients amb ictus degut a arteriosclerosi carotidia, és alta. Es
poden identificar els pacient amb ictus aterotombotic d’alt risc de recurréncia i DNP

amb marcadors clinics i biologics.
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Objectius

5.  OBIJECTIUS

Els objectius d’aquesta tesi son:

1) Descriure la taxa de recurréncia inicial (a les 72h, als 7 i als 14 dies) dels ictus
per AC tributaris de revascularitzacié i analitzar factors predictors de

recurrencia.

2) Descriure I'evolucid inicial (severitat i risc de DNP) dels ictus per AC incloent-hi
I'oclusio carotidia. Analitzar el paper del grau d’estenosi pel que fa a la severitat

i risc de desenvolupar DNP.

3) Analitzar el paper de biomarcadors relacionats amb la DE (les CEP, les CEC, la

MA i la LDL-ox), en el risc de recurrencia en ictus LAA.
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6. MATERIAL | METODES

5.1. Disseny dels estudis

Estudi de cohorts prospectiu basat en el registre hospitalari d’ictus isquémics i
hemorragics atesos al Servei de Neurologia de I'Hospital del Mar de Barcelona des del
2002. L'Hospital del Mar és un centre terciari d’ictus que atén a una poblacié de
referencia de 300.000 habitants de dos districtes de la ciutat de Barcelona (Ciutat Vella
i Poblenou-Sant Marti). L’hospital disposa de neurodleg i cirurgia vascular de guardia
24h amb capacitat per fer I'estudi neurovascular tots els dies de I'any. El tractament
amb trombolisi sistémica es realitza des del 2004 i les terapies intravasculars per a
Iictus agut des del 2009. Des del 2005 disposa d’una unitat d’ictus amb 6 llits i amb
personal d’infermeria especialitzat. El tractament de revascularitzacié carotidia el
realitzen els serveis de cirurgia vascular i neuroangiologia.

Des del 2005 el registre d’ictus incorpora un banc de genetica i plasma (REGISTRE
BASICMAR FIS:PI051737) i compta amb el suport de la Red de Investigacion
Cardiovascular (FEDER, RD12/0042/0020). En I'actualitat hi ha registrats més de 4000
pacients amb ictus isquemics, dels quals un 13% sén deguts a LAA. De tots els pacients
es recullen dades demografiques, antecedents patologics i familiars i dades
clinicoradiologiques sobre la fase aguda de l'ictus i la fase estable . Tots els pacients
tenen un estudi neurovascular i cardiac complet. El seguiment es realitza als 3 mesos
de I'esdeveniment mitjancant una visita médica o bé una trucada telefonica on es
valora I'estat funcional després de l'ictus mitjancant I'escala mRS (modified Rankin

Scale).
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5.2. Subjectes

S’han estudiat els pacients amb AC S (ictus, AIT, Afx i oclusié retinal) atesos en el
nostre hospital en un periode variable segons els diferents estudis. Per |’analisi de
biomarcadors s’han estudiat també ictus LAA amb estenosis a d’altres arteries dels
troncs supraaortics. Els criteris d’inclusié dels diferents estudis sén lleugerament

diferents segons I'objectiu de I'estudi i es detallen a I'apartat de resultats.

5.3. Meétodes diagnostics i terapéutics

La metodologia diagnostica i terapéutica ha estat la mateixa en tots els estudis,
sempre adaptada a les guies nacionals i internacionals de maneig de I'ictus isquémic.
Tots els pacients amb sospita d’ictus/AlIT agut sén avaluats inicialment per un neuroleg
que estableix la severitat inicial amb I'escala NIHSS i acompanya el pacient a fer la
prova radiologica inicial (TAC+/- AngioTAC). Si la neuroimatgeria inicial descarta
I’'hemorragia cerebral el pacient inicia tractament antiagregant amb AAS 300mg dintre
de les primeres 6 hores. En pacients amb intolerancia a la AAS, s’utilitza el clopidogrel
75mg o el triflusal 900mg. En alguns pacients préviament tractats amb AAS s’hi ha
afegit clopidogrel 75mg durant els primers dies. En casos aillats (pacients amb AIT in
crescendo malgrat el tractament antiagregant), els pacients han estat tractats amb
heparina endovenosa (1000 Ul/h) monitoritzant 'APTT cada 6h. Arran dels darrers
estudis (Wong et al.,, 2013), en l'actualitat s’utilitza el tractament amb doble

antiagregacié (AAS i clopidogrel 75mg) durant els primers 90 dies. Tot i aix0, a la cohort
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de I'estudi els pacients amb doble antiagregacié sén pocs, ja que en no haver-hi una
evidencia clara, el tractament dual s’ha deixat a la decisié del metge corresponent.

Des de setembre del 2009, arran de la publicacié dels resultats de I'estudi SPARCLE,
tots els pacients amb ictus LAA es tracten amb atorvastatina 80mg, retirant el
tractament previ amb altres estatines.

El maneig de la TA durant les primeres 24h és estricte (cada hora). Només s’administra
tractament antihipertensiu si la TAS és >220mmHg o la diastolica >120mmHg (amb
excepcions puntuals de pacients amb cardiopaties). El maneig de la glicemia i la
temperatura també és intensiu amb determinacions periodiques (cada 6 hores) i
correccié de la hiperglucémia (>130mg/dL) amb insulina rapida i de la T2>37.5C amb
antitermics.

La trombolisi sistemica amb alteplasa (tPA) es va administrar segons els criteris SITS-
MOST dintre de les primeres 3 hores fins I'any 2008 arran de la publicacié de I’estudi
ECASS-III, quan la finestra és va ampliar a les 4,5 hores. (Hacke et al., 2008) Des de
I’any 2009 els pacients han estat tractats amb terapies de reperfusié intravasculars
seguint els criteris recomanats per les guies de practica clinica.

L'estudi de troncs supraaortics es realitza durant les primeres 24h mitjancant un
ecoTSA i DTC per part d’un neurdleg vascular expert .El grau d’estenosi es calcula
seguint les guies de consens internacional. (Grant et al. 2003; Baumgartner et al. 1999;
Demchuk et al. 2001) Als pacients que presenten una estenosi a |'ecodoppler inicial
se’ls fa una segona exploracid TSA que habitualment és una angioRMN amb gadolini.
En casos amb claustrofobia o quan ja es disposi d’una angioTAC inicial, la prova

complementaria és I’ angioTAC. Només en casos de discordanca entre les dues proves
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d’imatge carotidia o bé en casos concrets amb alteracions anatomiques s’indica la
realitzacid d’un DSA. Els criteris diagnostics per al calcul del grau d’estenosi sén els
criteris NASCET (Committee, 1991). El grau d’EC es categoritza en <50%, 50-69%, 70-
99% i oclusié completa. Pel grau d’estenosi intracranial s’utilitzen els criteris de I'estudi
WASID (Warfarin-Aspirin Symptomatic Intracranial Disease). (Samuels et al., 2000)

Tots els pacients tributaris de revascularitzacié s’avaluen de forma precog per cirurgia
vascular i en decisié conjunta amb neurologia es decideix la indicacié quirargica del
pacient i el temps recomanable per a la cirurgia. Seguint les recomanacions
internacionals els pacients amb ictus minor/AIT sén intervinguts de forma precog,
idealment <2 setmanes des de I'any 2009. Només casos seleccionats (per dificultat

anatdomica, risc quirurgic, etc.), els pacients es tracten amb angioplastia carotidia.

5.4. Mesures de laboratori

Com s’ha comentat abans, el registre Basicmar inclou una seroteca i una genoteca. Per
a I'analisi de biomarcadors s’extrau una mostra de sang a l'arribada del pacient a
urgeéncies al mateix temps que es realitza I'analitica basal de I'hospital. Per a la mesura
de LDL-ox la sang es va dipositar en 2 tubs de K2EDTA (1.8 mg/mL) que
immediatament van ser portats a centrifugar a temperatura ambient (15 minuts a
1500G). El plasma extret es va distribuir en aliquotes i es va congelar a-802C fins a
I’analisi. La concentracié de LDL-ox es va mesurar mitjancant un kit comercial d’ELISA
(LDL-ox; Mercodia AB, Uppsala, Suécia) amb una variabilitat intra- i interassaig
acceptable (coeficient de variacié: 6,02 i 10,42% respectivament). Els resultats

s’expressen en U/L.
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L’albumindria es va mesurar en una mostra aillada d’orina de primera hora del mati
seglient a l'inici dels simptomes, bé per miccié espontania o per cateter uretral. El
meétode d’analisi és un assaig immunoturbidimetric (Hitachi P-800, Roche). La
variabilitat intra-i interassaig fou de 1,3% i 4,3 %, respectivament. Es va definir com a
microalbumindria (MA) la ratio albumina/creatinina entre 30-300 mg/g. (Ovbiagele,
2008)

Per a l'estudi de les CEP i CEC es va realitzar una extraccié de sang amb tubs
heparinitzats dintre de les primeres 24h després de l'ictus i es va processar durant les 4
primeres hores postextraccid. L’analisi de CEP i CEC es va realitzar mitjangant
citometria de flux (FC5000 cytometer Beckman-Coulter, Madrid). La caracteritzacié de
les cél-lules es va fer segons una metodologia prévia. (Freixa et al., 2011) Es van definir
com CEP les cel-lules negatives per CD45 i positives per CD 34, KDR i CD 133. Les CEC es
van definir com negatives per CD45, i positives per CD 146 i CD 131. El nombre absolut
de CEP i CEC per 1mL de sang total es va obtenir multiplicant la ratio de cel-lules

obtingudes per citometria pel nombre de leucocits/mL de sang.

5.5. Definicid de les variables

Les variables que es recullen a Basicmar i que s’han emprat en els treballs que
conformen aquesta tesi es defineixen a continuacioé:

. FRCV: HTA, diagnostic previ o evidencia en al menys 2 determinacions de TAS
>140mmHgo TAD>90mmHg en dies diferents; DM, diagnostic previ o evidéncia durant
I'ingrés de 2 determinacions de glicemia en deju alterada (>126mg/dl) o HbA1c>6.5%;

DL, diagnostic previ, Us previ de tractament o evidencia de nivells de colesterol
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total>220mg/dL, LDL colesterol>130mg/dL o TG>150mg/dL; tabaquisme (actiu,
ex<5anys, ex>5anys, mai); enolisme actiu si consum >40g/dia en homes i 30g/dia en
dones. També es recull la prevalenga d’arteriosclerosi simptomatica/asimptomatica
prévia: cardiopatia isquemica, diagnostic previ documentat d’angina de pit o IAM;
malaltia vascular periférica, diagnostic previ de claudicacié intermitent, ateromatosi
carotidia significativa, aneurismes arterials o ITB<0.9; ictus/AIT previ, diagnostic previ
d’ictus/AIT tant isquémic com hemorragic. Altres variables que es recullen
sistematicament soén I'existencia de malalties cardiaques amb potencial embolic com
valvulopaties, aritmies cardiaques o miocardiopaties i altres causes d’ictus infreqlient
com a coagulopaties o Us de drogues. La historia farmacologica prévia (us
d’antihipertensius, antidiabétics, hipolipemiants, antitrombotics) també es registra.
° Glicémia inicial: Glicemia (mg/dL) mesurada a la primera analitica extreta a
I'arribada del pacient a urgéncies.
° Tensio arterial mitja (TAM) inicial: Calculada a partir de la TA sistolica (TAS) i
TA diastolica(TAD) inicial, a I'arribada del pacient a urgencies, segons la férmula
TAM=2/3 TAD+1/3 TAS.
° Esdeveniment inicial: Ultim esdeveniment clinic presentat pel pacient abans de
cercar assisténcia meédica. Seguint la definicié de la OMS s’han definit:

o lctus isquemic: Deficit neurologic mantingut >24h degut a isquémia cerebral.

o AIT: Deficit neurologic transitori amb duracié <24h degut a isquéemia cerebral.

o Amaurosi fugag (Afx): Deficit visual degut a un esdeveniment vascular retinal

isqguémic amb duracié <24h.
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o Oclusié arterial retinal (RAO): Oclusié d’un vas retinal amb duracié dels
simptomes >24h diagnosticat per un oftalmoleg.

° AIT previ: Episodi de déficit neurologic previ, no actual, recuperat en <24h. Els
AIT previs es categoritzen en <24h, de 24 a 7 dies i de 7dies a 3mesos.
° Severitat inicial de l'ictus: Basada en I'escala NIHSS els ictus es classifiquen en
lleus si NIHSS <7, moderats de 8 al4 i severs si NIHSS>14 segons la literatura previa.
(DeGraba et al., 1999)
. Deteriorament neurologic preco¢ (DNP): Empitjorament de la clinica
neurologica 24 punts a la escala NIHSS o aparicié de nous simptomes suggestius de
nous ictus/AIT en pacients asimptomatics durant les primeres 72h, confirmats per un
neuroleg i no atribuible a causes no neurologiques o isquemiques (p. ex: transformacié
hemorragica o infecci6 sistemica). Per confirmar el diagnostic de DNP als pacients se’ls
ha realitzat una prova de neuroimatgeria.
° Recurréncia: Evidéncia de nova simptomatologia neurologica en un pacient
clinicament estable en forma de nou ictus/AIT/Afx/RAO segons la definicié prévia.
A l'article 1 s’inclou com a recurréencia I'empitjorament de 4 punts de NIHSS, mentre
que a l'article 2, per tal d’unificar criteris amb les altres dues cohorts, només es
considera recurréncia si és un nou deéficit. Segons la localitzacid es considera
ipsolateral o contralateral a I’ACS.
. Nou esdeveniment vascular (NVE): Diagnostic d’'una nova sindrome coronaria

aguda, AIT, ictus, hospitalitzacié o mort per causa cardiovascular.
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5.6. Analisi estadistica

S’ha seguit el mateix criteri per a tots els treballs. Les dades es presenten amb mitjana
+DE o medianaz IQR per a variables continues o bé en freqiiéncies i percentatges per a
variables categoriques. Per a la comparacié bivariable de proporcions s’ha utilitzat el
test de Chi-quadrat i T-test o ANOVA per a variables continues normals. Per a variables
no normals s’ha emprat el test no paramétric de Mann-Whitney U test. Els valors de
MA i LDL-ox s’han analitzat com a variables continues.

La correlacié entre els biomarcadors s’ha analitzat amb el coeficient de correlacié de
Pearson (r). L'analisi multivariable s’ha realitzat mitjancant diversos models (regressio
logistica, ordinal o regressié de COX) segons les caracteristiques de I'estudi i les
variables. Les variables introduides als models sén analitzades per descartar
col-linealitat i interaccions. El P valor seleccionat com a significatiu per a la introduccié
de les variables dintre dels models ha estat de <0,1 a I’estudi d’analisi bivariable (<0,5 a
I'article 3).

Les analisis estadistiques dels treballs presentats han estat realitzats per I'autora E.C.G
amb el suport del servei de bioestadistica de I'IlMIM (I.S.R). A I'article 2 I'analisi ha estat
realitzat en col-laboracié amb E.J de I’hospital d’Umea. Per a les analisis s’"ha emprat el

software SPSS per a Windows (versions 13-22 ) i R software (versié 2.11.1).

5.7. Aspectes etics
Tots els estudis han estat avaluats i aprovats pel comite etic de I'hospital seguint la
regulacié local i internacional a I'ambit de la recerca médica i els estandards establerts

per la Declaracio de Helsinki. Des de l'inici del registre Basicmar (gener del 2005) els
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pacients han signat un consentiment informat per a la participacid als estudis de
cohorts i per a I’extraccié de mostres. Per a |'article 4 (estudi Procell) els pacients han

signat un consentiment informat addicional.
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Resultats

6. RESULTATS
6.1. OBIJECTIU1
6.1.1. ARTICLE 1: High risk of early neurological recurrence in symptomatic carotid
stenosis. Ois A, Cuadrado-Godia E, Rodriguez-Campello A, Jiménez-Conde J,
Roquer J. Stroke. 2009 Aug; 40 (8):2727-31.
L’objectiu d’aquest primer treball fou descriure la taxa de recurrencia precog¢ (NR) i
pronostic inicial dels pacients amb ACS tributaris de revascularitzacié i analitzar-ne els
factors relacionats. Per aquest treball varem incloure els pacients des de maig del 2002
fins a maig del 2008 amb ictus minor (NIHSS<7) o AIT d’evolucié molt curta (<6h des de
I'inici dels simptomes). La cohort final fou 163. Dos tercos dels pacients, 121 (74,2%),
eren ictus minor i un terg, 42 (25,8%), AIT. El 60% eren homes amb una edat mitjana
de 71,8 anys (DE:10,4). Setanta-nou pacients (48,5%) tenien una estenosi >70% i 84
(51,5%) una estenosi 50-69%. Un 37% dels pacients anaven pretractats amb
antiagregants i un 28% amb estatines.
Un total de 45 pacients (27,6%) van tenir una NR durant els primers 15 dies, 37 (22,7%)
en forma d’ictus progressius/recurréncies i 8 (4,9%) nous AIT. Per periodes la taxa de
NR fou:34 (20,9%) a les 72h, 11 (6,7%) entre 72h i 7 dies, 6 (3,7%) entre els 8 i els 14
dies. Vint-i-sis pacients (16%) van patir I'NR el primer dia. L’analisi bivariable va
demostrar una associacié de la recurrencia amb la DM (P=0,097), el grau d’EC270%
(P=0,012)i I'antecedent d’AIT previ (P=0,067). En I'analisi multivariable ajustada només
I'EC270% es va mantenir com a variable associada de forma independent [OR: 2,44

(95% IC:1,16-5,13) P=0,018].
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Resultats

Als 15 dies, 19 pacients (11,7%) tenien discapacitat, la majoria (16 pacients) per haver
presentat NR sobretot dintre de les primeres 24h (14 pacients). En tres pacients (1,8%)

la recurréncia va ser mortal.
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High Risk of Early Neurological Recurrence in Symptomatic
Carotid Stenosis

Angel Ois, MD; Elisa Cuadrado-Godia, MD; Ana Rodriguez-Campello, MD;
Jordi Jimenez-Conde, MD, PhD; Jaume Roquer, MD, PhD

Background and Purpose—Few data are available on very early stroke recurrence evaluated within the first hours after
onset of symptoms and outcome for unselected patients with first-ever mild stroke or TIA and symptomatic carotid

stenosis =50%.

Methods—One hundred sixty-three patients with symptomatic carotid stenosis and initial mild stroke (121) or TIA (42)
were evaluated within 6 hours from onset of symptoms in a single tertiary hospital. Neurological recurrence (NR) was
defined as a clearly defined new neurological event (TIA or stroke) or an increase of 4 points in the initial NIHSS. The
NR rate was determined at 72 hours, 7 days, and 14 days. Disability was defined as a score of 3 to 6 on the modified

Rankin scale at 14 days.

Results—Forty-five patients (27.6%) had NR, including 6 patients with 2 episodes in different time periods: 34 (20.9%)
within the first 72 hours; 11 (6.7%) between 72 hours and 7 days; and 6 (3.7%) at 14 days. Only carotid stenosis =70%
was associated with NR; diabetes was marginally associated. At 2 weeks, 19 patients (11.7%) had disability; 14 of them

experienced NR in the first 72 hours.

Conclusions—Patients with first-ever mild stroke or TIA and symptomatic carotid stenosis are at high risk for NR,
especially within the first 72 hours. Our results suggest the necessity of testing pharmacological or interventional
strategies for use during the hyperacute stroke phase in these patients. (Stroke. 2009;40:2727-2731.)

Key Words: carotid stenosis m prognosis m stroke care

he efficacy of carotid endarterectomy for medical treat-

ment, as well as the accepted surgical risk for patients
with symptomatic carotid stenosis (SCS), is well-known from
the results of 2 large trials: the European Carotid Surgery
Trial and the North American Symptomatic Carotid Endar-
terectomy Trial.!-3 Data from these trials have been used to
perform various subanalyses to obtain information concern-
ing various aspects of the clinical evolution of these patients,*
including early risk of stroke after TIA> or the relevance of
randomization within 2 weeks.# Both trials, however, re-
cruited patients after a nondisabling ischemic stroke; conse-
quently, it is not possible to know how many patients were
noneligible because of early recurrence, and subsequent
disability, during the time before randomization.

Recent studies have shown a high recurrence risk in the
first days after TIA or TIA and minor stroke.-!! Moreover,
the very high early risk of recurrence has been described in
patients with carotid stenosis.!! There are, however, few data
about the clinical evolution in the first hours from symptom
onset in unselected patients with SCS.

The aim of the present study was to describe the recurrence
rate at 72 hours, 7 days, and 14 days, in an unselected series
of patients with SCS =50% and first-ever nondisabling

stroke or TIA evaluated in the first 6 hours from onset of
symptoms.

Subjects and Methods

From May 2002 to May 2008, 1151 consecutive patients with
first-ever mild acute ischemic stroke (defined as initial neurological
severity <7 points on the National Institutes of Health Stroke
Scale)'? or TIA were evaluated in our hospital within the first 6 hours
from the onset of symptoms. This cut-off point (7 points) was chosen
according to previously reported criteria to define mild stroke.!?
Patients were prospectively included in the BasicMar database, an
ongoing register of patients with acute ischemic stroke at our
hospital. This is the only public hospital to our knowledge serving a
population of 300 000 people in 3 districts of the city of Barcelona.

We selected patients with ipsilateral SCS =50% without occlu-
sion. Any patient with advanced age, comorbidity, or concomitant
cardiac diseases was excluded in an effort to reflect the clinical
evolution of patients with SCS in actual clinical practice. The final
study cohort was 163 patients, once all patients whose stroke was not
associated with ipsilateral SCS were excluded: 121 cases of mild
stroke and 42 cases of TIA, representing 14.1% of total ischemic
strokes or TIA. In all cases, the degree of arterial stenosis was
confirmed by concordance of high-resolution ultrasonographic stud-
ies (duplex) performed by trained physicians and other radiology
techniques, either intracranial/extracranial contrast-enhanced mag-
netic resonance angiography or computer scan angiography, per-
formed and interpreted by trained radiologists following established
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North American Symptomatic Carotid Endarterectomy Trial crite-
ria.*!4 An arteriography study was performed in those cases with
doubtful or discordant results (n=42).

Methodology of Care

Cases were directly diagnosed on hospital admission by a neurologist
who established the initial neurological severity. Time of stroke
onset was registered in all patients. When the onset of the neurolog-
ical symptoms was unknown, or occurred while sleeping, the stroke
onset was established as the last time that the patient was seen free
of symptoms. All patients had a complete medical examination,
blood test, chest radiography, ECG (daily during hospitalization),
and head scan (CT) on admission. Patients were clinically monitored
with National Institutes of Health Stroke Scale assessment at least
once per day during hospitalization. All patients were assessed in the
same way, following the therapeutic and diagnostic protocols.
Initially, antiaggregant therapy is started as 300 mg aspirin or other
anti-aggregants (clopidogrel or trifusal) for patients with aspirin
intolerance; in some patients already receiving aspirin treatment
(n=24), 75 mg clopidogrel was added, in consultation with the
attending physician. In 14 cases, this initial antiaggregant therapy
was a combination of aspirin and clopidogrel. In all cases, treatment
was started in the first 6 hours from hospital admission and after the
initial examination. High-dose atorvastatin (80 mg) was adminis-
trated in hyperacute phase only in the last patients of the series
(n=32), when protocols were adjusted to accommodate new evi-
dence. Any previous treatment with statins was withdrawn. Glyce-
mia, blood pressure, and temperature were monitored carefully.
Blood pressure was determined each hour (in the stroke unit) or
every four hours (in the rest of cases) during at least the first 24
hours. Antihypertensive agents were administered only in patients
with heart failure, under current international stroke guidelines, or if
the diastolic blood pressure was >120 mm Hg or the systolic blood
pressure was >220 mm Hg. Moreover, in selected patients already
pretreated with antiplatelet drugs who presented with repetition/
crescendo TIA (n=6) or patients with an associated high-risk
cardioembolic cause, we started anticoagulation with endovenous
heparin. In May 2005 we inaugurated the stroke unit in our center
and added continuous noninvasive monitoring of admitted patients
for at least 24 hours (n=61). The same neurology team attended the
patients before and after May 2005, and the same protocols were
used. The specialized nursing and continuous monitoring that
became available in the new stroke unit were the only differences
in care.

In the first 3 hours after stroke onset, endovenous thrombolytic
treatment with recombinant tissue plasminogen activator was admin-
istered (n=5) based on the European Medicines Evaluation Agency
Criteria (SITS-MOST criteria). None of the included patients had
surgery in the first 2 weeks. This is because the vascular surgery
team in our center considers =2 weeks to be the optimal timing for
carotid endarterectomy or angioplasty plus stent after ischemic
stroke.

End Points

Given the standard timing of vascular surgery in our center, the end
point of the study was neurological recurrence at 2 weeks. Neuro-
logical recurrence (NR) was defined as a new neurological clinical
event. In patients with TIA, this was a new TIA or stroke. In patients
with mild stroke, NR was a worsening by at least 4 points from the
initial National Institutes of Health Stroke Scale score or clearly
defined new symptoms that suggested a new neurological event
during the follow-up period.

To discard non-neurological causes of deterioration or a possible
nonipsilateral NR, all patients with NR were submitted to clinical
reassessment or new radiological studies (DWI-MRI in 34 patients
and CT in the remaining patients). In all cases, a neurologist trained
in neurovascular pathology validated the end point.

NR was divided into 3 time periods: initial 72 hours, from 72
hours up to 7 days, and from 7 days to 14 days. At 14 days, disability
was registered as a score of 3 to 6 on the modified Rankin scale. The
disability was determined by direct examination by a neurologist.

Downloaded from stroke.ahajournals.org by on February 8, 2010

Forty-five patients were discharged within 2 weeks without disabil-
ity. In all cases, patients and their family members or caregivers were
advised about the risk of NR and received clear instructions about the
urgent need for emergency room care in the event of any worsening
or any new symptom. Moreover, a neurologist evaluated all patients
at 14 to 17 days to discard NR. In all cases, NR in the first 2 weeks
was registered, whether the patient was hospitalized.

Factors Analyzed

We analyzed the relationship between NR and the following factors:
age, gender, initial stroke severity, vascular risk factors, major
cardioembolic sources, SCS =50% to 69% or =70%, presence of
significant (=50%) ipsilateral intracranial stenosis or contralateral
arterial carotid stenosis =50%, and presentation as a TIA. Those
patients with neurological symptoms fully recovered at the initial
neurological examination or with symptoms and complete recuper-
ation in the first 24 hours without evidence of acute ischemic lesion
in the initial CT study. Vascular risk factors were obtained from the
patient, relatives, caregivers, or previous medical records, following
the definitions recommended by the international guidelines.!> The
risk factors were registered in a structured questionnaire (BasicMar)
as follows: arterial hypertension (evidence of at least 2 raised blood
pressure measurements, systolic >140 mm Hg or diastolic
>90 mm Hg, recorded on different days before stroke onset; a
physician’s diagnosis, or use of medication); diabetes (a physician’s
diagnosis or use of medication); hyperlipidemia (a physician’s
diagnosis, use of medication, serum cholesterol concentration >220
mg/dL, LDL cholesterol >130 mg/dL, or serum triglyceride concen-
tration >150 mg/dL); current smoking habits; ischemic heart disease
(documented history of angina pectoris or myocardial infarct); and
peripheral arterial disease (physician’s diagnosis of intermittent
claudication or ankle—brachial index <0.90 in either leg). We also
registered previous TIA (based on focused questions concerning
neurological symptoms attributable to carotid stenosis in the previ-
ous 7 days) and previous treatment with statins or antithrombotic
drugs (anticoagulants or anti-platelets).

Statistical Analysis

Differences in parametric and nonparametric continuous variables
were evaluated using the ¢ test and the Mann—Whitney U test,
respectively, and the x> test was used for proportional analysis. The
univariate analysis is presented in Table 1 for proportional variables;
continuous variables, age and initial severity, are discussed later in
this article. Multivariate OR with 95% CI were calculated by a
logistic regression model. Variables with a significance of P<<0.1 in
the univariate analysis were introduced into the logistic regression
models. An independent statistician performed regression analysis
by the forward method. The variables were cross-tabulated to assess
multicollinearity. Statistical significance was determined at o level
of 0.05.

Ethics

Data for the study were collected following the local ethics guide-
lines. Data were anonymous and the identity of the individual
patients was completely protected. The study did not delay any
therapeutic interventions.

Results
The mean age was 71.8 years (SD, 10.4; range 45-92), and
the median arrival time to neurological evaluation after onset
of symptoms was 3 hours (Ist and 3rd quartiles: 2, 4). Seventy-
nine patients (48.5%) had stenosis =70% without occlusion, and
84 patients (51%) had stenosis =50% to 69%. Demographic,
clinical, and arterial variables are detailed in Table 1.

Major cardioembolic causes were detected in 25 patients
(15.3%): atrial fibrillation (documented history or diagnosis
during hospitalization, n=17); left ventricular ejection frac-
tion <35% (n=5); valvular disease (n=1); severe anterior
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Table 1. Demographics, Vascular Risk Factors, and Clinical Variables in Relation to
Recurrence

Total Cases, Recurrence, No Recurrence,

N=163 (%) N=45 (%) N=118 (%) P
Male 97 (59.5) 24 (53.3) 73(61.9) 0.321
Arterial hypertension 119(73) 33(73.3) 86 (72.9) 0.954
Diabetes mellitus 63 (38.7 22 (48.9) 41 (34.7) 0.097*
Hyperlipidemia 105 (64.4 30 (66.7) 75 (63.6) 0.711
Current smoking 52 (31.9 12 (26.7) 40 (33.9) 0.376
Heart ischemic disease 32(19.6 11 (24.4) 21(17.8) 0.339
Peripheral arterial disease 23 (141 5(11.1) 18(15.3) 0.497
Major cardioembolic cause 25(15.3 7 (15.6) 18 (15.3) 0.962
Antithrombotic pretreatment 60 (36.8 17 (37.8) 43 (36.4) 0.874
Statin pretreatment 45 (27.6 10 (22.2) 35(29.7) 0.342
Symptomatic carotid stenosis =70% 79 (48.5 29 (64.4) 50 (42.4) 0.012*
Contralateral carotid stenosis =50% 29(17.8 10 (22.2) 19 (16.1) 0.361
Intracranial ipsilateral stenosis 49 (30.1 11 (24.4) 38(32.2) 0.334
TIA as initial symptom 42 (25.8 10 (22.2) 32(27.1) 0.523
Previous TIA 29(17.8) 12 (26.7) 17 (14.4) 0.067*

Univariate analysis. *Selected for logistic regression analysis.
akinesia (n=1); and left ventricular aneurism with associated Disability

thrombus (n=1). We performed echocardiography in 126
patients (77.3%); of the 45 patients with NR, 36 (78%) had an
echocardiography study performed.

Neurological Recurrence

During the first two weeks after stroke onset, 45 patients
(27.6%) presented with NR. The majority, 34 patients
(20.9%), presented NR within the first 72 hours (progressive
stroke/new stroke [n=28], new TIA [n=6]). Mean time of
NR after admission in these patients was 17.7 hours *17.1.
Twenty-six patients (16%) experienced NR in the first 24
hours after admission for stroke; 11 (6.7%) presented NR
between 72 hours and 7 days, and 6 (3.7%) presented at 14
days, for a total of 51 NR (6 patients experienced 2 NR, in 2
different time periods). When patients who experienced a
new TIA were excluded from the analysis, the NR rate of new
stroke was 22.7% (37 patients); NR by time periods was 28
patients (17.2%) in the first 72 hours, 8 (4.9%) at 7 days, and
5 (3.1%) at 14 days.

The relationship between NR and the factors analyzed is
shown in Table 1. Factors included in the multivariable
analysis (P<<0.1) were diabetes mellitus, carotid stenosis
=70%, and previous TIA. NR rate increases with the degree
of stenosis from 19.0% in patients with carotid stenosis (50%
to 69%) to 36.7% of patients with stenosis =70% (P=0.012;
OR=2.45). There was no association with age (mean, 71.2 vs
72; P=0.419) or initial severity (mean 2.8 vs 2.9; P=0.832).
We did not detect any association between NR and
thrombolytic treatment (P=0.161) or with stroke unit admis-
sion (P=0.954).

The multivariable analysis, detailed in Table 2, showed
that only carotid stenosis =70% was associated with NR.
Diabetes was marginally associated.
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At 2 weeks, 19 patients (11.7% of the entire cohort) had
disability. Three patients did not experience NR. Of the 16
NR cases, 14 (87.5%) occurred in the first 72 hours and the
remaining 2 occurred between 72 hours and 2 weeks of
follow-up. Three patients died, with large new ischemic
lesions.

Discussion
It is well-known that the risk of recurrence after stroke or TIA
has been traditionally underestimated.'® Recent studies have
shown a high recurrence risk in the first days after TIA or TIA
and minor stroke.!” However, few data are available concern-
ing recurrence risk in patients with minor stroke, which
generally includes early neurological deterioration,'s:!° a
factor that may often reflect early recurrence. Moreover, no
previous series to our knowledge specifically included pa-
tients in the first 6 hours from onset of symptoms. We sought
to quantify how many patients with mild stroke or TIA and
ipsilateral carotid disease experienced a recurrence in a
hospital with a trained team of vascular neurologists follow-
ing standard medical practice. We found a high NR rate of
27.6% (22.7% if recurrent TTA was excluded), mainly in the
first 72 hours (only 9.8% of total NR were beyond the first 72
hours). Although there are no similar previously published
series to compare with our results, a recent meta-analysis®
showed a risk of stroke recurrence of 13.4%, and 17.3% at 30

Table 2. Factors Analyzed With Neurological Recurrence in
the Logistic Regression Model

P OR 95% Cl
Diabetes mellitus 0.052 2.06 0.99-4.27
Carotid stenosis =70% 0.018 2.44 1.16-5.13
Previous TIA 0.158 1.88 0.78-4.50
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and 90 days, respectively. In 1 population-based study’ of
patients with TIA and minor stroke, the recurrence rate was
11.5% and 15%, respectively. At present, a high recurrence
risk is widely accepted in stroke patients with large-artery
atherosclerosis.®~'% An article!' focusing on patients with
hemispheric TIA and carotid stenosis =50% reported a risk
of stroke at 2 weeks of 21%, similar to that obtained in our
series. Our results confirm the high risk of early NR in
patients with SCS. In our center, all patients with carotid
stenosis are admitted, independent of severity of initial
symptoms, and we immediately start treatments and neuro-
logical and clinical monitoring. Recently, new evidence of
benefits from starting urgent treatments (single or combined)
in patients with TIA or mild stroke to prevent stroke recur-
rence has been published.?'-2> However, these studies were
not focused on patients with carotid stenosis. We attribute the
high figure observed in our series to 4 possible factors: (1)
early evaluation after onset of symptoms; (2) the consider-
ation of worsening of symptoms as an end point; (3) exhaus-
tive neurological monitoring; and (4) the inclusion of con-
secutive patients, including those with concomitant causes of
stroke, leading to the possibility that an embolic stroke could
cause early recurrence in patients with associated cardiac
sources of embolus. One noteworthy finding is the relation-
ship between NR and the degree of carotid disease, especially
in patients with stenosis =70% who presented with NR in
36.7% of cases. Other factors, such as TIA presentation,
ipsilateral arterial disease, or contralateral carotid disease,
were not associated with stroke recurrence, and diabetes was
the only factor marginally associated. Diabetes mellitus is a
relevant risk factor in cerebrovascular patients and its rela-
tionship with the risk of early recurrence has been previously
described after a TIA,° but not in relation to a high risk of
early recurrence in patients with carotid disease. We found a
borderline statistical relationship, probably because of the
small number of cases. With regard to outcome, we found
that 11.7% of patients had disability/death at 15 days. Taking
into account that all cases were in patients with initially mild
stroke or TIA under exhaustive medical control, and were
treated with current protocols, this is a considerably high rate.
These data confirm the unresolved problem of current stroke
management during the first days after onset of symptoms.

Acute medical options such as the combination of anti-
aggregants, high-dose statins, clopidogrel dose-loading,?* or
other antithrombotics?® might have a higher protective effect
on NR in these patients. However, the consideration of urgent
endovascular/surgical procedures (in the first hours) in cere-
brovascular disease, clearly accepted in other vascular pathol-
ogies such as coronary disease, could be an interesting option
to explore because only 2 patients experienced disabling NR
beyond the first 72 hours after symptoms onset.

In conclusion, with current medical treatments, patients
with first-ever mild stroke or TIA and SCS are at high risk for
NR, especially within the first 72 hours. Our results suggest
the necessity of testing pharmacological or interventional
strategies for use during the hyperacute stroke phase in these
patients.
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Resultats

6.1.2. ARTICLE 2: Recurrent stroke in symptomatic carotid stenosis awaiting
revascularisation - A pooled analysis. Johansson E, Cuadrado-Godia E, Hayden

D, Bjellereup J, Ois A, Roquer J, Wester P, Kelly PJ. Neurology (In Press)

Amb l'objectiu d’augmentar la mida mostral i la potencia estadistica per detectar
variables predictores de recurréncia es va dissenyar aquest treball. Es tracta d’un
estudi multicéntric internacional que va incloure pacients de tres cohorts prospectives:
la nostra cohort hospitalaria Basicmar des de gener del 2005 fins a gener del 2013, la
cohort hospitalaria d’'Umea (Suecia) des d’agost del 2007 a desembre del 2009 i la
cohort prospectiva de Dublin des de desembre del 2005 a marg del 2012. D’un total de
607 pacients amb ACS es van seleccionar els pacients tributaris de revascularitzacio.
L’objectiu fou analitzar la taxa de recurréncia abans de la revascularitzacié o durant els
primers 90 dies en aquells pacients que no van rebre el tractament, per negativa del
pacient o per recurréncia incapacitant. Seguint la metodologia dels assajos clinics
només es va comptabilitzar la recurréncia ipsolateral en forma d’ictus o RAO.

La cohort final fou de 377 pacients. El 69% foren homes i I'edat mitjana fou 71 anys
(IQR 65-77). La taxa de tractament previ amb antitrombotics i estatines fou 53% i 45%
respectivament. A les 48h de l'ingrés el 91% dels pacients estaven tractats amb
antitrombotics, encara que només un 21% rebia terapia dual antiagregant i entre un 64
i un 88% dels pacients estava tractat amb estatines. La taxa de revascularitzacié precog
(<14 dies) fou del 54% a Dublin, del 24% a Umea i del 16% a Barcelona (P<0.001).

La taxa de recurrencia per periodes fou: 2,7% el primer dia, 6,6% el tercer dia, 11,5%
als 14 dies i 18,8% als 90 dies. Aquestes xifres es doblaven si es tenien en compte els

AIT i Afx com a recurrencia. Un terg de les recurréncies van ser discapacitants.
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Els factors associats al risc de recurrencia foren: déficit cerebral vs.ocular (log-rank
P=0,04), tractament amb antitrombotics durant les primeres 48h (P=0,02), edat
(P=0,08) i antecedent de fibril-laci6 auricular (FA) (P=0,06). No es van trobar
diferéncies entre centres, génere, grau d’estenosi o AIT previ. Al model multivariable
només |'edat es va mantenir com a predictora independent de recurréncia (HR ajustat
per cada 10 anys d’increment 1,6 (IC 1,1-2,2, P=0,01). No obstant aix0, els
esdeveniments cerebrals versus els oculars van mostrar una tendéencia a I'associacio

(HR ajustat 2,7, 1C 0,9-7,8, P=0,066).
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Abstract

Objective: We aimed to quantify the risk and predictors of ipsilateral ischemic stroke in
patients with symptomatic carotid stenosis awaiting revascularisation (CEA or stenting
[CAS]) by pooling individual patient data from recent prospective studies with high rates of
treatment with modern stroke prevention medications.

Methods: Data were included from 2 prospective hospital-based registries (Umea,
Barcelona) and one prospective population-based study (Dublin). Patients with symptomatic
50-99% carotid stenosis eligible for carotid revascularisation were included and followed for
early recurrent ipsilateral stroke or retinal artery occlusion (RAO).

Results: Of 607 patients with symptomatic 50-99% carotid stenosis, 377 met pre-specified
inclusion criteria. Ipsilateral recurrent ischemic stroke/RAOQ risk pre-revascularisation was
2.7% (1-day), 5.3% (3-day), 11.5% (14-day), and 18.8% (90-day). On bivariate analysis,
presentation with a cerebral versus ocular event was associated with higher recurrent stroke
risk (log-rank p=0.04). On multivariable Cox regression, recurrence was associated with older
age (adjusted hazard ratio [HR] per 10-year increase 1.5, p=0.02) with a strong trend for
association with cerebral (stroke/TIA) versus ocular symptoms (adjusted HR 2.7, p=0.06), but
not degree of stenosis, smoking, vascular risk factors, or medications.

Conclusions: We found high risk of recurrent ipsilateral ischemic events within the 14-day
time-period currently-recommended for CEA. Randomised trials are needed to determine the
benefits and safety of urgent versus sub-acute carotid revascularisation within 14 days after

symptom onset.
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Introduction

Pooled analysis of randomised clinical trials of CEA for symptomatic carotid stenosis have
demonstrated that maximal benefit is obtained when revascularisation is performed within
two weeks after randomisation, leading to guidelines recommending early surgery [1-3].
However, the optimal timing of carotid revascularisation within the first two weeks is
unresolved with two large studies (each including >2500 operations) reporting an increased
periprocedural risk of stroke and death in patients undergoing very early CEA [4-5].
Moreover, despite advances in stroke prevention therapeutics the risk of early recurrent stroke
in medically-treated patients with carotid stenosis is also substantial [6-10]. We and others
have reported high risk of ipsilateral recurrent stroke (between 4.0-17.2%) within 48-72 hours
after symptom onset [6-10]. While providing valuable information, earlier studies have been
limited by inclusion of patients ineligible for carotid revascularisation and relatively small
sample sizes, leading to imprecision and wide confidence intervals around the point estimates
of recurrent stroke risk, and insufficient statistical power for analysis of determinants of early
stroke recurrence. To improve identification of patients at highest risk of early recurrent
stroke who might benefit from urgent carotid revascularisation, larger studies providing
accurate estimates of early stroke risk in patients deemed eligible for CEA or CAS are
needed.

We aimed to determine the risk and predictors of major pre-procedural ipsilateral ischemic
events (stroke and RAO) among patients with symptomatic 50-99% carotid stenosis eligible
for CEA/CAS by pooling individual patient data from three recent prospective studies with

high rates of treatment with modern stroke prevention medications.

Methods
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We pooled individual patient data from prospective cohort studies from three European
centres, each previously-described [6-8]. Two centres (Umea, Sweden and Barcelona, Spain)
provided data from prospective hospital-based registries serving local communities and
regional hospitals. One centre (Dublin, Ireland) provided data from a 2006 population-based
study (including all unselected community- and hospital-based patients) and a later (2007-
2011) prospective hospital-based study of blood and imaging biomarkers which included
patients with TIA or minor stroke (modified Rankin score 0-2). Detailed centre descriptions

are presented in supplemental table 1.

Demographic and clinical parameters, medical treatments, time between presenting event and
CEA/CAS and early recurrent events were compared and pooled in a single database (Table 1

and Web-Supplement).

Inclusion criteria were: (1) Symptomatic 50-99% carotid stenosis; (2) Symptom onset
(cerebral or retinal ischemic event) within 6 months of first health care contact (3) Patient
deemed eligible for CEA/CAS in the opinion of the treating clinicians. Eligibility for
CEA/CAS was defined as: (1) completion of CEA or CAS; (2) non-completion of a planned
CEA/CAS due to a disabling or fatal recurrent stroke while awaiting revascularisation; (3)

patient refusal to proceed with CEA/CAS recommended by treating clinicians.

Exclusion criteria were: (1) Ineligibility for CEA/CAS in the opinion of the treating clinician,
for reasons such as low likelihood of benefit, high periprocedural risk or comorbidities, or

technical difficulties; (2) As we aimed to analyse the risk of ischaemic events prior to planned
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revascularisation, patients with CEA/CAS performed within 24 hours of the presenting

stroke/T1A were excluded (Figure 1).

Definitions

The presenting event was defined as the last event before the patient first sought medical
attention, classified as either ischaemic stroke (according to WHO definition, with
haemorrhagic stroke or stroke mimic excluded by brain imaging), TIA (transient neurological
symptoms due to cerebral ischaemia lasting less than 24 hours), retinal artery occlusion
(RAO, retinal ischaemic event lasting longer than 24 hours) or amaurosis fugax (retinal
ischaemic event lasting less than 24 hours). The traditional (time-based) definition of TIA was

used to allow standardised comparisons across included studies.

Carotid stenosis was defined as 50-99% lumen narrowing, using the NASCET criteria applied
by the reporting radiologist at each centre, based on ultrasound, computed tomography
angiography (CTA), magnetic resonance angiography (MRA) with either contrast or with

time-of-flight sequences and/or conventional angiography [1, 12,13].

The primary endpoint was pre-specified as an ipsilateral ischemic stroke or RAO to allow
comparison with the endpoint used in pooled analysis of large randomized trials by the
Carotid Endarterectomy Trialists Collaboration [1]. Secondary endpoints were (1) disabling or
fatal ipsilateral ischemic stroke, (2) any ischemic stroke or retinal artery occlusion and (3) any
ipsilateral ischaemic event (stroke, RAO, TIA, amaurosis fugax). For all endpoints, only
ischemic events that occurred after the presenting event but before planned CEA/CAS were
counted. Disabling/fatal ipsilateral ischemic stroke was defined as mRS 3-6 at follow-up,

consistent with Carotid Endarterectomy Trialists Collaboration criteria [14]. In all three
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centres, patients with atrial fibrillation and ischaemic stroke or TIA confined to the territory of

an ipsilateral 50-99% carotid stenosis were considered for revascularisation.

Follow-up:

Follow-up for outcome stroke and ischaemic events was performed at 1, 2, 3, 7, 14, 30 and 90
days after the presenting event. Data relating to recurrent stroke severity were ascertained at 90
days or at one year depending on centre. Follow-up assessments were performed prospectively
by in-person and/or telephone interview by trained study personnel, and verified by stroke
clinicians by in-person reviews supplemented by review of the medical files. Two patients
(0.5%) presented to medical attention later than 90 days after their presenting event but within
6 months. For these patients, follow-up for recurrent stroke/RAO within 90 days within the
presenting event was completed when they sought health care per our pre-specified inclusion

criteria, by retrospective review of medical files.

Statistical Analysis:

The risk of ipsilateral ischemic stroke recurrence after the presenting event was calculated
using time-to-event survival analysis, with Kaplan-Meier curves and censoring for outcome
events or CEA/CAS. Bivariate comparisons of the 90-day risk of the primary endpoint among

subgroups were compared using the log rank test.

To examine the relationship between clinically-relevant co-variates and pre-procedural
recurrent stroke, we performed backward stepwise multivariable Cox-regression analysis,
after first verifying adherence to the underlying assumptions required for Cox regression
modelling (see web supplement). After first determining the unadjusted hazard ratio (HR) for

all co-variates, we then produced 2 models: (1) HRs for all co-variates adjusted for age, sex
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and study centre; (2) HR adjusted for multiple co-variates, where all 14 co-variates were
initially entered into the model and the variable with the highest p-value was then removed in

a step-wise fashion until all remaining parameters had a p-value of <0.10.

We used the 2-sided y*-test for comparison of proportions. Non-parametric continuous
variables are presented with median and intra-quartile range (IQR) and were analysed with
Kruskal-Wallis test. A p-value of <0.05 was set as threshold for statistical significance. We

used SPSS 22.0 statistical software.

Standard Protocol Approvals, Registrations and Patient Consents

The study was approved in each centre by the local ethical committee.

Results

Clinical characteristics:

A total of 607 patients with symptomatic carotid stenosis were ascertained in the three
centres. Of these, 227 (37%) were ineligible for revascularisation and 3 (0.5%) underwent
CAS within 24 hours and were excluded. Reasons for ineligibility are described in Figure 1.
For 67 patients (11%) the reason for not proceeding with CEA/CAS could not be determined
due to inadequate documentation. In total, 377 patients met our pre-specified criteria and were
included in the pooled analysis. Of these, 259 (69%) were men and the median age was 71
(IQR 65-77) years. Clinical characteristics are described in Table 1 and Table e-1 in the Web-

supplement .
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Within 48 hours, 329 (91%) patients were treated with antithrombotic medication (200 [61%)]
antiplatelet monotherapy; 69 [21%] dual anti-platelet therapy; 60 [18%] anti-coagulant
therapy) .Fewer patients in Umea were treated with early statins (64% v 77% v 81%,
p=0.001) .Fifty-four per cent of Dublin patients had revascularisation within 14 days of
symptom onset, compared with 24% (Umea) and 16% (Barcelona) (p<0.001). CAS was used

more frequently in Dublin (20%) than Umea (1%) or Barcelona (12%) (p<0.001) (Table e-2).

Recurrent stroke before CEA/CAS:

Fifty-one patients suffered a recurrent ipsilateral ischemic stroke or RAO within 90 days of
the presenting event. Across all 3 centres, the pooled risk of recurrent ipsilateral ischemic
stroke or RAO was 2.7% at 1 day, 6.6% at 3 days, 11.5% at 14 days, and 18.8% at 90 days
(Figure 2 and Table e-3). Recurrent stroke was the most frequent outcome event (47/51
patients, 92%). Disabling or fatal recurrent stroke occurred in 31% (16/51) of these, with fatal

stroke in 6 patients (Table e-3).

In addition to the 51 patients that suffered a recurrent ipsilateral ischemic stroke or RAO,
three patients had contralateral ischemic stroke/RAOQ, all later than 14 days after the

presenting event.

The risk of any ipsilateral ischaemic recurrent event (stroke, RAO, TIA or amaurosis fugax)
was approximately double that of ipsilateral ischemic stroke/RAO at each time-interval (Table
e-3). Data on atrial fibrillation status was available for 48/51 patients with recurrent stroke. Of

these 8/48 (16.7%) had atrial fibrillation.

Factors associated with early recurrence:
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On bivariate Kaplan-Meier analysis, the risk of early recurrent ipsilateral ischemic
stroke/RAO was increased for patients presenting with cerebral (stroke/T1A) compared with
ocular (amaurosis/RAO) events (log-rank p=0.04), and with early antiplatelet/anticoagulant
medication use (p=0.02); with statistical trends towards increased risk with increasing age
(p=0.08) and atrial fibrillation (p=0.06) (Figure 3). No difference in risk was observed for
study centre (Table e-4), gender, degree of ipsilateral stenosis, or earlier TIA/stroke within 7

days before the presenting event.

In a model adjusting for age, gender and study centre, only age (adjusted HR for each 10-year
age increase 1.6, Cl 1.1-2.2; p=0.01) was associated with 90-day stroke recurrence, with a
trend observed for presentation with a cerebral event (stroke/TI1A) (adjusted HR 2.7, C1 0.9-
7.8; p=0.066). On backward step-wise Cox regression, after insertion and sequential removal
of non-significant potential confounding variables, our results were unchanged (adjusted HR
for each 10-year age increase 1.5, Cl 1.1-2.2; p=0.02, adjusted HR for presentation with

cerebral versus ocular event 2.7, Cl 0.95-7.3; p=0.064) (Table e-5).

Discussion:

The main finding of our study is the quantification of the risk of ipsilateral stroke and other
ischemic events during very early time-intervals after initial symptom onset in pooled recent
cohort studies of patients with carotid stenosis with high rates of treatment with modern
stroke prevention medications. Our relatively large sample size provides greater precision
around the point-estimates of stroke risk at each time-interval compared with earlier studies.
We found very high risk of recurrent events within the first days after first symptomatic
medical presentation. At 3 days, the risk of recurrent stroke was 6.6% and that of any

ischemic cerebral or ocular event was 14.6%. Within the first 14 days (the currently-
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recommended time-interval for CEA), the risk of recurrent stroke was 11.5% and that of any
ischemic recurrent event was almost 24%. By 90 days, these risks had near-doubled to almost
20% and 40% respectively. These recurrent events had significant impact upon individual
patients, with one-third of recurrent strokes resulting in death or disability on follow-up

assessment.

Other observational studies have reported high risk (4.0-17.2%) of early stroke recurrence
after TIA and ischemic stroke, with highest risk described in population-based studies with in-
person follow-up [6-11]. In rigorous population-based studies, we and others have also
reported greater early recurrent stroke risk in patients with TIA and stroke caused by carotid
stenosis compared with cardio-embolic, small vessel, or other stroke mechanisms [7, 15].
However, earlier reports have either included unselected patients with all stroke mechanisms
or unselected patients with carotid stenosis/occlusion, many of whom are unsuitable for
CEA/CAS due to disabling stroke or medical co-morbidity [7, 10]. By contrast, in our pooled
analysis, we analysed early recurrence risk only in patients with recently-symptomatic carotid
stenosis deemed eligible for carotid revascularisation, which is of proven benefit in
randomised clinical trials [1]. Imaging studies using transcranial Doppler ultrasound [16] and
positron emission tomography [17] suggest that early recurrent ischemic events are related to
frequent platelet-rich emboli associated with unstable inflammatory or ulcerated carotid
plaque, or to impaired cerebral haemodynamic reserve in patients with near-occlusive carotid

atherosclerosis [18].

After adjusting for other variables, we found that greater age was independently associated

with early recurrent stroke, with a strong statistical trend for the association between stroke

risk and presentation with an initial cerebral rather than ocular ischemic event. In pooled

71



12 Johansson

analysis of aspirin-treated patients in the medical arms of randomised trials, the Carotid
Endarterectomy Trialists Collaboration found that 5-year ipsilateral stroke risk increased in a
linear fashion with age and was approximately doubled in patients whose initial (qualifying)
event was a cerebral infarct compared to ocular ischemia [1]. We found no relationship
between gender and early recurrent stroke risk, unlike medically-treated patients in
randomised trials where a strong trend towards greater late stroke risk in men was observed
[19]. We also found a statistical trend for the association between atrial fibrillation and stroke
risk, suggesting a role for early stroke prophylaxis in patients with atrial fibrillation and
ipsilateral carotid stenosis. On adjusted analyses, we did not observe relationships between
diabetes, smoking, vascular risk factors or other medication and early recurrence. Overall, our
findings are remarkably consistent with those for late stroke outcome in earlier randomised
trials, despite high rates of immediate antiplatelet and statin treatment in our study. This

similarity also extends to the severity of the recurrent events [14].

Strengths of our analysis include a relatively large sample of patients treated with current
medical therapy, prospective design of included studies, standardised ‘hard’ primary outcome
definitions (recurrent stroke rather than symptom progression or TIA), and inclusion only of
patients eligible for CEA/CAS. However, we acknowledge some limitations. As the data were
derived from independent studies performed at 3 centres, a pre-defined multi-centre protocol
was not used and data were not available for all potentially-informative variables (eg.patients
with high intensity statin treatment, intracranial stenosis). Categorisation of patients with
severe stenosis according to the degree of distal lumen diameter reduction was not
standardised across centres [20]. Therefore, patients with near-occlusion were included with
those with severe stenosis in our study. Assessment of carotid stenosis was based on the

opinion of the treating radiologist at each centre using different imaging techniques and not
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centrally-assessed. Treatment administered does not represent optimal medical therapy since
1/3 of patients did not receive early statin treatment. Although key clinical and treatment
parameters were captured, we cannot fully exclude the possibility that international
differences in health systems or referral patterns may have introduced undetected between-
centre variation. While larger than earlier studies, we may have lacked statistical power for
the detection of modest associations between candidate predictor variables and recurrent

stroke.

Our findings further support the hypothesis that urgent intensive treatment may decrease
stroke risk in patients with symptomatic carotid stenosis. In clinical trials, maximal benefit
was observed in patients who underwent CEA within 14 days of randomisation [1, 19].
Although most guidelines currently recommend CEA within 2 weeks of symptom onset, this
goal is frequently not met in routine practice [10, 21, 22]. In our study, despite patients
deemed suitable for CEA, the rate of revascularisation within 14 days varied from 16-54%

across centres.

As our studies included patients treated in the years shortly after updates of guidelines to
recommend early CEA in symptomatic patients, it is possible that these differing rates may be
partly-explained by variation in early implementation of new guidelines across study centres.
Other studies from North America and Europe have reported similar low rates of early CEA
in symptomatic patients [21, 22]. Some recent guidelines and experts have recommended
CEA within 48 hours of initial symptoms, informed by post-hoc analyses from randomised
trials suggesting that urgent surgery might provide net benefit despite increased perioperative
risk [23, 24]. However, the net benefit of urgent surgery remains unclear as newer antiplatelet

agents and statins were unavailable in the medical comparison arms of earlier trials and high
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rates of perioperative stroke and death have been reported with urgent CEA [1,4,5]. For
example, a large Swedish registry reported a stroke/death rate of 11.5% in patients who had
CEA within 2 days, while a systematic review reported stroke/death rates of 11.4% for
patients who had emergency CEA for crescendo TIA and 20.2% for stroke-in-evolution [4,

25].

Improvements in urgent medical therapy since earlier randomised trials may also provide
benefit. A recent population-based study reported a 10-fold decrease in recurrent ischemic
events, with no recurrent strokes, in patients awaiting CEA after introduction of urgent high-
dose dual clopidogrel/aspirin and statin therapy, consistent with findings from the CARESS
study and CHANCE trial [26-28]. As with our study, we caution that many of these studies
were non-randomised and that undetected bias which might partly explain their results cannot
be fully excluded. Randomised clinical trials comparing current medical treatment to early
CEA/CAS in moderate-risk patients are under way [29]. Further randomised trials in
symptomatic patients comparing urgent medical treatment, urgent CEA within 48-72 hours,

and early CEA in the 3-14 day time-window are required.
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Table 1.
Umea Dublin Barcelona
n=198 n=82 n=97 P
Men n (%) 134 (68) | 57 (70) 68 (70) 0.90
Age median (IQR) 71 (65-77) | 71 (55-78) | 71 (64-77) | 0.91
Ipsilateral 50-69% n (%) 35(18) 10 (12) 6 (6)
stenosis 70-99% n (%) 163 (82) | 72 (88) 91 (94) oo
0-49% n (%) 136 (69) | 49 (61) 63 (65)
Contralateral
sterosist 50-99% n (%) 55 (28) 29 (36) 28 (29) 0.56
100% n (%) 7(4) 3(4) 6 (6)
Stroke n (%) 79 (40) 39 (48) 59 (61)
Type of RAO n (%) 11 (6) 0 (0) 0 (0)
<0.001
presenting event | TIA n (%) 59 (30) 41 (50) 34 (35)
Amaurosis fugax n (%) 49 (25) 2 (2) 4(4)
Ipsilateral ischemic event <7 days of
43 (22) 8 (10) 16 (16) 0.06
presentation n (%)
Ischemic heart diseaset n (%) 57 (29) 29 (38) 17 (18) 0.01
Prior stroke (>6 months ago) n (%) 34 (17) 7(9 14 (14) 0.19
Hypertensiont n (%) 184 (93) 71 (95) 75 (77) <0.001
Diabetes n (%) 51 (26) 10 (13) 41 (42) <0.001
Current smoking n (%)Tt 32 (17) 31 (40) 43 (45) <0.001
Atrial fibrillation or flutter n (%)t7 14 (7) 15 (19) 9(9) 0.01
Total Cholesterol mmol/l (median,IQR) Tt 4.6 (3.9- 45 (3.5- 4.3 (3.4- 0.14
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5.3) 5.7) 5.2)
Low Density Lipoprotein mmol/I 2.4 (2.0- 2.7 (2.0- 2.6 (1.7-
0.83
(median,IQR) t17 3.2) 3.5) 3.3)

Table 1 Legend: Ischemic heart disease defined as myocardial infarction and/or angina.
Hypertension defined as blood pressure >140/90 and/or use of blood pressure medication.
tMissing data for <1% of patients, T+ Missing data for 2-7% of patients, 11 Missing data for

20% of patients
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Tables

Table 1 title: Baseline features, grouped by study centre

Figure legends
Figure 1: Study flow chart

Figure 2: Title: Kaplan-Meier analysis of the main outcomes.

Legend: Kaplan-Meier analysis of the risk of recurrent ipsilateral ischemic stroke or RAO
within 90 days of the presenting event, prior to CEA/CAS. (CEA/CAS was used as censoring

event).

Figure 3: Title: Risk of ipsilateral stroke/ RAO within 2, 7, 14 and 90 days

Legend: The risk of ipsilateral ischemic stroke or RAO within 2, 7, 14 and 90 days after the
presenting event in subgroups. Data derived from Kaplan-Meier analysis using CEA/CAS as
censor. Error bars denotes 95% confidence interval., p-values are derived by log rank tests.
Event within 7 days before: Ipsilateral ischemic event within 7 days before the presenting
event. Hypertension: Blood-pressure >140/90 and/or use of blood pressure lowering
medication. AP/AC-med: Anti-platelet or anti-coagulant medication. BP-med: Blood Pressure
reducing medication. At 2 days (for medication): Use of medication at 2 days after seeking

medical attention
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6.2. OBIJECTIU 2
6.2.1. ARTICLE 3: Factors associated with early outcome in patients with large-vessel
carotid strokes. Cuadrado-Godia E, Jimena S, Ois A, Rodriguez-Campello A,
Giralt-Steinhauer E, Soriano-Tarraga C, Jiménez-Conde J, Martinez-Rodriguez
JE, Capellades J, Roquer J. J Neurol Neurosurg Psychiatry. 2013 Mar;84(3):305
L’objectiu d’aquest estudi és descriure la severitat inicial i la taxa de DNP de I'ACS
simptomatica, incloent-hi les oclusions, i analitzar variables predictores de major
severitat i risc de DNP.
Per aquest treball es van seleccionar tots els ictus/AIT amb temps d’evolucié <24h des
de gener del 2003 fins a gener del 2012. De 2.332 pacients, 422 presentaven ACS.
Després d’excloure pacients amb altres causes emboliques (N=82) i pacients amb
altres malalties carotidies no arteriosclerotiques (N=12), la cohort final fou de 338
pacients, dels quals 107 (31,7%) tenien una EC moderada del 50-69%, 135 (39,9%) una
EC del 70-99% i 96 (28,4%) eren oclusions completes. La proporcié d’homes fou 67,8% i
I’edat mitjana 70 anys. La proporcié de tractament previ antiagregant i amb estatines
va ser del 30%.
La severitat global de la cohort fou baixa, mediana (q25-q75): 4 (1-7,25). Per
categories, 254 pacients (75,1%) tenien una severitat lleu (NIHSS<7),53 (15,7%)
moderada (NIHSS 8-14) i 31 (9,2%) alta (NIHSS >14). Un total de 96 (28,4%) van ser AlT.
Com era esperable, els ictus més severs tenien un pitjor pronostic als 3 mesos
(P<0,001).
L'analisi bivariable va mostrar una associaci6 amb major severitat del grau d’EC

(P<0,001), la glicemia inicial (P<0,001) i I'existencia d’una estenosi intracranial >50%
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(P<0,001). L'antecedent d’AIT previ s’associava a una menor severitat (P<0,007). A
I’analisi multivariable totes les variables es van mantenir independentment associades.
Les OR ajustades (95% IC) foren: grau d’EC (referencia 50-69%) [OR: 2,20 (IC: 1,55-
3,11), P<0,0001]; estenosi intracranial [OR: 1,93 (IC: 1,18-3,17), P<0,0001]; glicemia
inicial [OR: 1,13 (IC: 1,06-1,21),P>0.001] per cada increment d’un mmol/L; i AIT previ
[OR: 0,37 (IC: 0,17-0,82), P<0,014].

Setanta-vuit pacients (23,1%) van patir DNP, dels quals 56 (71%) dintre de les primeres
24 h. El tipus d’DNP fou un ictus progressiu en 48 pacients i una recurrencia en 30
pacients (14 AIT i 16 ictus) . Els pacients amb DNP també tenien un pitjor pronostic als
3 mesos ( P<0,001). A I'analisi bivariable el risc de DNP es va associar amb el grau d’EC
(P=0,005), la TAM inicial (P=0,003), I'antecedent d’AIT previ (P=0,040), I'Gs previ
d’antiagregants (P=0,025), I’Us previ d’estatines (P=0,092) i la severitat inicial (P=0079).
A l'analisi multivariable el grau d’EC (referencia 50-69%) [OR: 1,64 (IC: 1,14-2,34),
P<0,007], 'AIT previ [OR: 2,40 (IC: 1,25-4,57), P<0,008] i la TAM inicial [OR: 1,02 (IC:
1,01-1,04), P<0,002] per cada mmHg, es van mantenir independentment associat amb

el risc de DNP.
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Factors associated with early outcome in patients
with large-vessel carotid strokes

Flisa Cuadrado-Godia,"? Sara Jimena,? Angel Qis,"? Ana Rodriguez-Campello, 2
Eva Giralt-Steinhauer,"? Carol Soriano-Tarraga, Jordi Jiménez-Conde, "2
José Enrique Martinez-Rodriguez,? Jaume Capellades,® Jaume Roquer'-

ABSTRACT

Objective To describe the severity and early
neurological deterioration (END) in patients with
symptomatic carotid stenosis and to analyse the
influence of related factors.

Methods Observational cohort study of patients with
ischaemic stroke, ipsilateral carotid stenosis and without
evidence of cardiac sources of embolism prospectively
recorded since January 2003 to January 2012. Initial
severity was categorised as mild (NIH stroke scale
(NIHSS) <7), moderate (NIHSS 8-14) or high

(NIHSS >14). Logistic ordinal and regression analyses
were performed for stroke severity and END risk.
Results Of 2332 ischaemic strokes attended,

338 patients were included. Stroke severity was mild

in 254 (75.1%) cases, moderate in 53 (15.7%) and
severe in 31 (9.2%). Adjusted ORs (95% Cl) for stroke
severity were: degree of carotid stenosis, 2.20 (1.55 to
3.11, p<0.001); intracranial disease, 1.93 (1.18 to 3.17,
p=0.009); plasma glucose, 1.01 (1.003 to 1.02,
p<0.001); and previous transient ischaemic attack (TIA),
0.37 (0.17 to 0.82, p=0.014). 78 patients (23.1%) had
END. Multivariate analysis showed independent
association between END and degree of carotid stenosis
(OR 1.64, 1.14 to 2.34, p=0.007), previous TIA (OR
2.40, 1.25 to 4.57, p=0.008) and mean arterial pressure
(OR 1.02, 1.01 to 1.04, p=0.003).

Conclusions Strokes due to large vessel disease in the
carotid artery are in general of mild severity and have a
high rate of END. The degree of stenosis has a clear
association with higher severity and END risk.

INTRODUCTION
In general, strokes due to large-vessel disease have
an intermediate severity, between the more severe
cardioembolic strokes and less severe small-vessel
disease strokes." 2

In a single patient with symptomatic carotid
atherosclerosis, however, severity might vary from
a transient ischaemic attack (TTA) to a total anter-
ior circulation stroke, and the factors associated
with initial severity are not very well known.

Large surgical trials carried out in the 1990s in
patients with symptomatic carotid atherosclerosis
showed that degree of stenosis has a clear influence
in recurrence risk.” ¢ Lately it has been reported
that patients with strokes due to high-degree
carotid stenosis or occlusion carry a high risk of
early neurological deterioration (END).” ©

J Neurol Neurosurg Psychiatry 2013;84:305-309. doi:10.1136/jnnp-2012-303638

However, the initial evolution of atherosclerotic
carotid strokes is still unclear because the trials
included neither patients with carotid occlusion
nor acute phase data.

Therefore, the aim of our study was to describe
the initial severity and END in a prospective
cohort of patients with significant carotid athero-
sclerosis including occlusion and to look for factors
associated with worse outcomes.

METHODS

Our tertiary stroke centre is the only public hos-
pital offering round-the-clock acute phase stroke
services to a population of 300000 in three
Barcelona city districts. In January 2003 we started
a prospective observational register of first-ever
atherothrombotic strokes with ipsilateral symp-
tomatic carotid stenosis >50% (according to Trial
of Org 10172 in acute stroke treatment criteria) in
order to study their short-term evolution. For the
current study we included patients attended
during the first 24 h of symptoms onset, recorded
through January 2012.

Methodology of care

Patients were attended in the emergency depart-
ment during the first 24 h. After April 2005,
patients (n=258) were attended in our stroke unit
following the same diagnostic and therapeutic pro-
tocols. Patients were evaluated at hospital admis-
sion and at least twice a day during the first 3 days
by a trained neurologist who established initial
severity using the NIH stroke scale (NIHSS). All
patients had a complete physical examination,
blood test, chest radiography, CT brain scan and
ECG at admission. Heart rhythm was monitored
for at least 24 h in all patients to rule out cardi-
oembolic aetiology. A transthoracic echocardiogram
was performed at the discretion of the treating
physician (n=263).

Within the first 24 h, all patients had a complete
B-mode colour Doppler study of the supra-aortic
arteries (Multi-Dop-Portable Doppler System-DWL,
Sonosite MicroMaxx) by a neurologist trained in
ultrasonography techniques, following established
criteria.” ® In all cases, the degree of arterial stenosis
was confirmed during hospitalisation with another
radiological procedure, either intracranial/extracra-
nial contrast-enhanced MRI angiography or CT
scan angiography. All vascular images were inter-
preted by trained neuroradiologists following the
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North American Symptomatic Carotid Endarterectomy Trial cri-
teria” for extracranial lesions and the Warfarin-Aspirin
Symptomatic Intracranial Disease trial methods for intracranial
stenosis.'’ A digital subtraction angiography was performed in
those cases with discrepancy between the screening tests in the
degree of stenosis (n=44). None of the strokes were related to
radiological procedures.

Treatment was decided in each case by a neurologist experi-
enced in neurovascular diseases following international consen-
sus. The treatment protocol has been described previously.”
Briefly, antiplatelet therapy is started in all patients with
300 mg aspirin. Other antiplatelet agents (clopidogrel or
trifusal) are used in patients whose medical records indicate
aspirin intolerance. In some patients already receiving aspirin
(n=63), 75 mg clopidogrel was added, in consultation with the
attending physician. In 14 cases, this initial antiplatelet
therapy was a combination of aspirin and clopidogrel. In all
cases, treatment was started after the initial examination and
within the first 6 h following hospital admission. High-dose
atorvastatin (80 mg daily) was administrated in the hyperacute
phase in patients included after September 2006 (n=225),
when protocols were adjusted to accommodate new evidence.
Any previous treatment with statins other than atorvastatin
was withdrawn and dosage was adjusted in patients already
receiving atorvastatin. Initial glycaemia, blood pressure (BP)
and temperature were monitored carefully.

Antihypertensive agents were administered only in patients
with heart failure, under current international stroke guidelines,
or if the diastolic BP was >120 mm Hg or the systolic BP was
>220 mm Hg. Moreover, in selected patients already pretreated
with antiplatelet drugs who presented with repetition/cres-
cendo TIA (n=18), we started anticoagulation with intraven-
ous heparin (infusion of 1000 units per hour), monitoring the
partial thromboplastin time (PTT) ratio every 6 h.

Intravenous thrombolytic therapy with alteplase (tPA) was
administered in 29 (8.6%) cases. Six patients were treated with
urgent mechanical thrombectomy followed by angioplasty and
stenting, procedures performed in our hospital since October
2009. Carotid endarterectomy was performed in 86 patients
and elective angioplasty with stenting was done in eight
patients. Median time to surgery was 5 weeks (3 weeks in the
last 3 years). None of the patients had surgery in the first 72 h.

The study proposal was approved by our local ethics com-
mittee. Written informed consent was obtained from all
patients participating in the study (or their relatives).

Main outcome measures

END was defined as the worsening by at least four points in
the initial NIHSS punctuation and/or clearly defined new
symptoms suggestive of a new event (TIA or stroke) within
the first 72 h. Patients with deterioration due to other illness
(two heart failure and one respiratory infection) were excluded.
This methodology has been previously described.” **

We analysed the associations between initial stroke severity,
END development and numerous variables: age, sex, hyperten-
sion, diabetes, hypercholesterolaemia, current smoking, previ-
ous cardiovascular events, previous antiplatelet agents, statin
use, degree of carotid stenosis (categorised into three groups®:
moderate (50-69%), high degree (>70% and near-occlusion),'?
and occlusion), existence of a significant contralateral carotid
disease (>50% stenosis or occlusion), significant ipsilateral
intracranial disease (>50% stenosis or occlusion), and documen-
ted TIA during the preceding 3 months. Other variables ana-
lysed due to previous association with END were initial plasma
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glucose levels and initial mean arterial pressure (MAP), calcu-
lated with the formula (2/3 xdiastolic BP+1/3 systolic BP)."®

Statistical analysis

Data are presented as mean+SD or median+q25-75 for con-
tinuous variables and as frequencies and percentages for cat-
egorical variables. The t test and analysis of variance were used
to evaluate the differences in means for continuous variables,
and the %7 test was used for categorical variables. Glucose levels
and MAP were analysed as continuous variables. Due to a non-
normal distribution, initial stroke severity was categorised into
three groups according to previous methodology: mild severity
(NIHSS <7), moderate severity (NIHSS 8-14) and high severity
(NIHSS >14)."* Multivariate ORs with 95% CI for stroke
severity were estimated by an ordinal logistic analysis for each
category. For END risk, multivariate ORs with 95% CI were
calculated with a logistic regression model. Multivariate models
were adjusted by variables that obtained a p value <0.1 in the
univariate analysis. Two-sided p values <0.05 were considered
significant. All statistical analyses were performed by a biostat-
istician (IS) with SPSS for Windows V.19.

RESULTS

Of 2382 ischaemic strokes during the first 24 h, 422 patients
met inclusion criteria. After excluding patients with concomi-
tant major cardiac sources of embolism (n=82), incomplete
data (n=3) and non-atherosclerotic carotid disease (n=12), the
final cohort was 338 patients (67.8% were male and mean age
was 70.47+10.57 years). No differences in the main study vari-
ables were observed between patients attending before and
after the stroke unit opened. Analysed factors are detailed in
table 1. Among 135 patients with >70% stenosis, 24 (17.7%)
had distal internal carotid artery calibre reduction suggestive of
near-occlusion.

Initial severity

Initial median (p25-p75) NIHSS was 4 (1-7.25). Stroke severity
was mild in 254 (75.1%) cases, moderate in 53 (15.7%) and
severe in 31 (9.2%). Ninety-six patients (28.4%) had a TIA and
18 patients fulfilled radiological criteria of lacunar stroke (sub-
cortical infarction <15 mm in diameter in the territory of the
deep-penetrating arteries). Factors associated with the initial
severity were degree of carotid stenosis, higher initial glucose
levels, previous TIA and concomitant intracranial disease
(table 1). In the multivariate analysis (table 2), adjusted OR
(95% CI) for higher stroke severity were the following: degree
of carotid stenosis (OR 2.20 (1.55 to 3.11), p<0.0001), intracra-
nial disease (OR 1.93 (1.18 to 3.17), p=0.009), initial glucose
levels (OR 1.13 (1.06 to 1.21), p<0.001) for each mmol/] and
previous TIA (OR 0.37 (0.17 to 0.82), p=0.014).

Early neurological deterioration

A total of 78 patients (23.1%) suffered END, 56 of them (71%)
during the first 24 h. In 48 patients, END consisted of a pro-
gressive stroke; 30 patients had a stroke recurrence (14 new TIA
and 16 new strokes). The rate of END increased with stenosis
degree: 14 (17.9%) with 50-69% stenosis, 33 (42.3%) with
>70% stenosis and 31 (39.7%) with carotid occlusion. Other
variables associated with END in univariate analysis (table 3)
were MAP previous TIA, previous antiplatelet use, previous
statin use and initial severity according to initial NIHSS.
Multivariate analysis (table 4) showed an independent associ-
ation between END development and degree of carotid stenosis
(OR 1.64 (1.14 to 2.34), p=0.007), previous TIA (OR 2.40 (1.25
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Table 1 Univariate analysis for initial severity
Variable Total (n=338) NIHSS <7 (n=254) NIHSS 8-14 (n=53) NIHSS >14 (N=31) p Value
Male sex 229 (67.8) 175 (68.9) 30 (56.6) 24 (77.4) 0.106
Age years, mean (SD) 70.47 (10.57) 70.80 (10.48) 69 (11.60) 70.47 (10.57) 0.528
Arterial hypertension 244 (72.2) 186 (73.2) 35 (66) 23 (74.2) 0.549
Diabetes mellitus 127 (37.6) 95 (37.4) 19 (35.8) 13 (41.9) 0.851
Hyperlipidaemia 206 (60.9) 157 (61.8) 28 (58.2) 21 (67.7) 0.342
Current smoking 134 (39.6) 95 (37.4) 26 (49.1) 13 (41.9) 0.277
Coronary disease 50 (14.8) 38 (15) 8 (15.1) 4(12.9) 0.953
Peripheral arterial disease 58 (17.2) 43 (16.9) 9(17) 6 (19.4) 0.693
MAP mm Hg, mean (SD) 106.20 (19.80) 106.49 (21.09) 106.52 (16.65) 103.30 (12.66) 0.629
Glucose mmol/l, mean (SD) 7.70 (3.49) 7.33 (3.00) 8.34 (3.64) 9.69 (5.65) 0.001*
Contralateral carotid 0.696

Stenosis >50% 80 (23.7) 57 (22.4) 16 (30.2) 7 (22.6)

Occlusion 14 (4.14) 12 (4.7) 1(1.9) 1(3.2)
Ipsilateral intracranial disease <0.001*

Stenosis >*50% 32 (9.5) 27 (10.6) 2 (3.8) 3(9.7)

Occlusion 11 (3.3) 2 (0.8) 3(5.7) 6(19.4)
Previous TIA 69 (20.4) 60 (23.6) 9 (17.0) 0 0.007*
Statins 105 (31.1) 80 (31.5) 13 (24.5) 12 (38.7) 0.382
Antiplatelets 101 (29.9) 76 (29.9) 17 (32.1) 8 (25.8) 0.832
Degree of carotid stenosis <0.001*

50-69% 107 (31.7) 90 (35.4) 13 (24.5) 4(12.9)

>*70% 135 (39.9) 109 (42.9) 16 (30.2) 10 (32.3)

Occlusion 96 (28.4) 55 (21.7) 24 (45.3) 17 (54.8)
90-day mRS 2 (0-3) 1(0-2) 3 (2-4) 4 (3-6) <0.001

Results expressed as no. (%), unless indicated otherwise.
*Variables selected for multivariate analysis.
MAP mean arterial pressure; NIHSS, NIH stroke scale; TIA, transient ischemic attack.

to 4.57), p=0.008) and MAP (OR 1.02 (1.01 to 1.04), p=0.002)
for each mm Hg.

COMMENT

We have described two relevant aspects in the acute phase of a
stroke, initial severity and END risk, in a prospective cohort of
patients with large-vessel carotid disease exhaustively evaluated
by neurologists within the first hours of symptoms onset.
Although initial severity was generally low, we have reported

the key role of arterial stenosis degree in increased severity and
END risk.

Stroke severity

Initial stroke severity assessment is crucial because it is the
main prognostic factor, independently associated with poor
long-term outcome.'” Previous studies found a lower severity of
large-artery atherosclerotic strokes compared with other
embolic aetiologies; however, they included strokes due to all
intra- and extra-cranial vessels."* In the carotid surgery trials,
almost 50% of the patients presented with TIA as the initial

Table 2 Ordinal logistic regression analysis for initial severity

Adjusted OR (95%Cl) p Value
Degree of carotid stenosis 2.20 (1.55 to 3.11) <0.001
Intracranial disease 1.93 (1.18 to 3.17) 0.009
Glucose, mmol/I 1.13 (1.06 to 1.21) <0.001
Previous TIA 0.37 (0.17 to 0.82) 0.014

TIA, transient ischemic attack.

J Neurol Neurosurg Psychiatry 2013;84:305-309. doi:10.1136/jnnp-2012-303638

event. However, information on patients excluded due to severe
strokes is scarce.* ¥ '° In our study, two thirds of the strokes
were of mild severity and only 9% were severe. Patients with
severe strokes had a worse 90-day outcome and almost 55%
had carotid occlusions.

The influence of stenosis degree on initial severity has not
previously been evaluated. In two large previous studies, stroke
severity was higher in patients with carotid occlusion than in
those with carotid stenosis, although severity was not specific-
ally analysed.® 7 In our study, independent factors associated
with stroke severity were the degree of carotid stenosis, the
existence of concomitant intracranial stenosis or occlusion, and
initial glucose levels. Preceding TIA, within the previous
3 months, was found associated with a lower stroke severity.

Previous studies reported larger lesion volumes in strokes due
to carotid occlusion compared with carotid stenosis.'” Chronic
impairment of haemodynamic status might be responsible for
the higher volume load and stroke severity in patients with
carotid occlusion. Preceding TIA has been associated with
lower stroke severity in previous studies, although the patho-
physiological explanation for this finding is not well known.'®
The other independent factors affecting stroke severity have
been described previously. In large series of patients with symp-
tomatic steno-occlusive disease, intracranial middle cerebral
artery occlusions have higher severity than carotid occlusions.!”
Moreover, in neuroimaging studies, middle cerebral artery (MCA)
occlusions alone or MCA occlusions with coexistent carotid
occlusion have more extensive infarcts than carotid occlu-
sions.” The relationship between initial glucose and stroke
severity might be explained by the multilevel deleterious effect
of initial hyperglycaemia in acute strokes.?”
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Table 3 Univariate analysis between study variables and END

Variable END yes (n=78) END no (n=260) p Value
Age, mean (SD), years 69.85 (11.06) 70.65 (10.43) 0.555
Male sex 52 (66.7) 177 (68.1) 0.458
Hypertension 54 (69.2) 190 (73.1) 0.298
Diabetes mellitus 25 (32.1) 102 (39.2) 0.155
Hyperlipidaemia 45 (57.7) 146 (56.2) 0.457
Current smoking 34 (43.6) 100 (38.5) 0.247
Coronary disease 10 (12.8) 40 (15.4) 0.361
Peripheral arterial disease 10 (12.8) 48 (18.5) 0.162
MAP mm Hg, mean (SD) 112.04 (23.26) 104.45 (18.32) 0.003*
Glucose mmol/l, mean (SD) 7.84 (3.58) 7.66 (3.47) 0.683
Contralateral carotid 0.554

Stenosis 15(19.2) 65 (25)

Occlusion 3(3.8) 11 (4.2)
Intracranial disease 0.270

>50% 10 (12.8) 22 (8.5)

Occlusion 4 (5.1%) 7(2.7)
Previous TIA 22 (28.2) 45 (18.1) 0.040*
Previous antiplatelets 16 (20.5) 85 (32.7) 0.025*
Previous statins 19 (24.4) 86 (33.1) 0.092*
Initial NIHSS median (q25-75) 4 (2-10) 4 (1-7) 0.079*
Degree of carotid stenosis 0.005*

50-69% 14 (17.9) 93 (35.8)

>70% 33 (42.3) 102 (39.2)

Occlusion 31 (39.7) 65 (25)
90-day mRS median (q25-75) 3 (1-4.25) 1(0-3) <0.001

Results expressed as no. (%), unless indicated otherwise.

*Variables selected for multivariate analysis.

MAP, mean arterial pressure; END, early neurological deterioration; NIHSS, NIH stroke
scale; TIA, transient ischaemic attack.

Early neurological deterioration

The development of END is an unresolved problem closely
associated with poor prognosis. We previously evaluated the
influence of steno-occlusive disease on the development of
END in 1093 patients with anterior or posterior circulation
strokes of any aetiology. Steno-occlusive disease was the best
independent predictive factor for END, with occlusion more
significantly associated than stenosis.”! We next described the
END risk (21%) in patients with symptomatic carotid stenosis
>50%.” However, we only studied patients with mild stroke
(NIHSS <7) or TIA, and neither included carotid occlusions
nor analysed other related factors. In the current study includ-
ing all strokes, global END risk was very similar (23%) and
reached almost 40% in patients with carotid occlusion.

Table 4 Logistic regression analysis for END
END

Adjusted OR (95%Cl) p Value
Degree of carotid stenosis 1.64 (1.14 to 2.34) 0.007
Previous TIA 2.40 (1.25 to 4.57) 0.008
MAP mm Hg 1.02 (1.01 to 1.04) 0.002
Initial NIHSS 1.05 (0.99 to 1.10) 0.059
Previous antiplatelet 0.62 (0.32 to 1.21) 0.167
Previous statins 0.73 (0.38 to 1.39) 0.345

END, early neurological deterioration; MAP mean arterial pressure; NIHSS, NIH stroke
scale; TIA, transient ischaemic attack.
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Very few studies have described the END risk in patients
with carotid occlusions. To our knowledge, this is the first
study to analyse the factors that might influence END develop-
ment in patients with symptomatic carotid atherosclerosis. In
our cohort, the degree of carotid stenosis and the existence of
preceding TIA were the main predictive factors. Initial MAP
was also independently associated.

Our results are very similar to those from a recent large
study that showed a higher rate of neurological worsening/
recurrence, in-hospital death and poor functional outcome at
discharge in patients with carotid occlusion compared with
severe stenosis.® However, that study did not clearly define
neurological worsening or analyse other related factors.

Whereas recurrent emboli are more likely implicated in END
of high-risk stenosis, in patients with carotid occlusions the
haemodynamic factors that result in infarction of the oligaemic
tissue may be more crucial?? Nevertheless, the coexistence of
embolic and haemodynamic mechanisms is frequent in this
stroke subtype and may have a synergistic effect with delayed
washout of microemboli material in patients with haemo-
dynamic failure.?®

Recent TIA has been associated with high risk of early
stroke, possibly because of repeated emboli, poor collateral cir-
culation or impaired cerebral autoregulation.®* Finally, initial
hypertension has been associated with END in previous
studies,?! ?° as are acute BP drops during the acute phase.?
Elevated BE a protective mechanism to maintain cerebral perfu-
sion after a stroke,®® might be a marker of haemodynamic
failure of other compensatory mechanisms and therefore a pre-
dictor of END.

This study has limitations. We did not perform vasoreactiv-
ity tests or perfusion imaging in the acute phase to assess the
contribution of the haemodynamic status to the development
of severe strokes or END. Moreover, the influence of collateral
filling on the outcomes could not be determined. BP was regis-
tered for each patient only on admission; we did not register BP
when patients suffered END to analyse potential changes. We
did not analyse acute treatments because of the different strat-
egies used in the study (thrombolysis, thrombectomy, antipla-
telets and anticoagulants). Due to the low number of patients
we could not assess initial severity and END risk in patients
presenting with a high degree of stenosis and near-occlusion. In
endarterectomy trials, patients with near-occlusion have shown
a lower stroke recurrence risk than patients with a high degree
of stenosis without near-occlusion; however, little is known
about the acute stroke phase in this subgroup.?” Future studies
should focus on this topic.

CONCLUSIONS
Although strokes due to significant symptomatic carotid ath-
erosclerosis are generally of mild severity, degree of carotid sten-
osis, concomitant intracranial occlusions and increased initial
glucose levels are associated with higher severity. Preceding TIA
is associated with lower severity. Degree of stenosis is also a
determining factor in the END that occurs in many patients.
Other related factors are previous TIA and initial BP

Ultra-early assessment of the arterial status helps to select
patients that might benefit from very careful monitoring
during the first days following stroke.
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6.3. OBIJECTIU3
ARTICLE 4. Endothelial progenitor cells predict cardiovascular events after
atherothrombotic stroke and acute myocardial infarction. A PROCELL
Substudy. Cuadrado-Godia E, Regueiro A, Nuiez J, Diaz M, Novella S, Oliveras
A, Valverde MA, Marrugat J, Ois A, Giralt-SteinhauerE, Sanchis J, Escolar
G,Hermenegildo C, Heras M,Roquer J. Plos One. 2015 Sep 2;10 (9):e0132415
L’estudi PROCELL fou un estudi multicentric, prospectiu, amb disseny cas-control i
I'objectiu d’estudiar la mobilitzacié i funcionalitat de les CEP i les CEC a curt i llarg
termini en pacients amb IAM i ictus LAA. L'objectiu d’aquest subestudi fou analitzar
I’associacio de les CEP i les CEC basals amb el risc d’esdeveniments cardiovasculars
(NVE) durant els primers 6 mesos.
Es van incloure 100 pacients amb IAM i 50 amb ictus LAA d’edat <75 anys, NIHSS<20,
sense ictus previ, discapacitat, comorbiditats o tractament amb estatines (Regueiro et
al., 2015). Els controls sans es van seleccionar de I'estudi poblacional REGICOR (Grau et
al., 2007), emparellats per edat i sexe. Dels 50 pacients amb patologia cerebrovascular,
35 (70%) foren ictus i 15 (30%) AIT. Els pacients amb IAM eren més joves (53,7 vs. 64,5
anys; P <0,01) i tenien una menor prevalenca de FRCV excepte pel que feia al
tabaquisme i una menor carrega arteriosclerotica. De tots els pacients, 14 (9,3%) no

tenien dades basals de CEP i 5 (3,3%) no en tenien de CEC.

Un total de 19 pacients (12,66%) van tenir un NVE durant el seguiment (9 dels 100
pacients amb IAM i 10 dels 50 pacients amb ictus). Els NVE foren: 5 nous ictus, 3 nous
AIT, 4 nous IAM, 6 hospitalitzacions per altres causes vasculars i una mort

cardiovascular. Tots els nous IAM es van produir en pacients cardiologics igual que tots
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els nou ictus/AIT es van produir en pacients neurologics. La mediana de temps fins al
NVE fou de 30 dies (IQR 2-90). La incidencia de NVE es va associar amb [|'edat
(P=0,039), GIM 20,9 (P=0,044) i les CEP basals (P=0,041). No es va trobar cap tendencia
d’associacié amb les CEC basals. A I'analisi multivariable de Cox el nombre de CEP
basals es va associar de forma independent amb el desenvolupament de NVE.
Comparat amb el Q4, els HR ajustats foren : Q1 [HR: 10,33, 95% CI (1,22-87,34),
P=0,032]; Q2 [HR: 1,43, 95%Cl (0,17-17,48) P=0,778]; Q3 [HR: 0,67, 95% Cl (0,03-
11,48), P=0,789]. La variable IMT>0,9 també es va associar de forma independent amb
NVE [HR: 4,12, 95% CI (1,21-13,95), P =0,023]. En ajustar per altres variables com el

tractament a I’alta no van canviar els resultats.
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Abstract

Introduction

The aim of this study was to determine prognostic factors for the risk of new vascular events
during the first 6 months after acute myocardial infarction (AMI) or atherothrombotic stroke
(AS). We were interested in the prognostic role of endothelial progenitor cells (EPC) and cir-
culating endothelial cells (CEC)

Methods

Between February 2009 and July 2012, 100 AMI and 50 AS patients were consecutively
studied in three Spanish centres. Patients with previously documented coronary artery dis-
ease or ischemic strokes were excluded. Samples were collected within 24h of onset of
symptoms. EPC and CEC were studied using flow cytometry and categorized by quartiles.
Patients were followed for up to 6 months. NVE was defined as new acute coronary syn-
drome, transient ischemic attack (TIA), stroke, or any hospitalization or death from cardio-
vascular causes. The variables included in the analysis included: vascular risk factors,
carotid intima-media thickness (IMT), atherosclerotic burden and basal EPC and CEC
count. Multivariate survival analysis was performed using Cox regression analysis.
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Results

During follow-up, 19 patients (12.66%) had a new vascular event (5 strokes; 3 TIAs; 4 AMI;
6 hospitalizations; 1 death). Vascular events were associated with age (P = 0.039), carotid
IMT>0.9 (P =0.044), and EPC count (P = 0.041) in the univariate analysis. Multivariate Cox
regression analysis showed an independent association with EPC in the lowest quartile
(HR: 10.33, 95%Cl (1.22-87.34), P = 0.032] and IMT>0.9 [HR: 4.12, 95%CI (1.21-13.95),
P =0.023].

Conclusions

Basal EPC and IMT>0.9 can predict future vascular events in patients with AMI and AS, but
CEC count does not affect cardiovascular risk.

Introduction

Endothelial progenitor cells (EPC) are mobilized from bone marrow and participate in adult
neovascularization after both myocardial infarction [1] and ischemic stroke [2,3]. Circulating
endothelial cells (CEC) on the other hand are mature cells that have detached from the intimal
monolayer in response to endothelial injury [4]. Both types of cell are increased in patients
with acute vascular disease [4-6]. However, the total count of these cells may be influenced by
the presence of vascular risk factors traditionally associated with lower EPC and higher CEC
counts [7-10] and the effects of medication to control these risk factors [11]. To date, no stud-
ies have analysed these two cell subtypes together in the same population.

In patients with stable coronary artery disease (CAD), EPC count has been associated with
the risk of future cardiovascular events, mostly coronary revascularization [12,13]. However,
the influence of these cells after acute myocardial infarction (AMI) is less well known. A previ-
ous study found the level of circulating EPCs to be predictive of poor neurological status and
early stroke recurrence after ischemic stroke of various etiologies [14]. The role of CECs in
both conditions has not been established.

The PROCELL study was a multicentre, prospective, population-based, case-control study
paired by sex and age. The aim of the study was to compare the short- and long-term mobiliza-
tion of EPCs and CECs following an AMI or an atherothrombotic stroke (AS), as this type of
stroke shares the same etiology, large-vessel disease, and high cardiovascular risk of CAD
[15,16]. Controls were recruited from a population-based cross-sectional study (REGICOR
cohort study) [17], all free of selected cardiovascular risk factors (hypertension, dyslipidemia,
diabetes), and matched by age and sex with cases. The main findings of this study have recently
been published elsewhere [18]. In this substudy, we aimed to determine the effect of basal EPC
and CEC on the risk of new vascular events (NVE) among high-risk vascular patients.

Methods

The PROCELL study was a multicenter, prospective study performed in three tertiary hospital
centres in Spain. The study was conducted according to the principles expressed in the Decla-
ration of Helsinki. The study protocol was approved by the Institutional Ethics Committees
(Hospital del Mar, Barcelona; Hospital Clinic, Barcelona; Hospital Clinico Universitario de
Valencia) and all patients gave written informed consent before being included.
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Study population

Between February 2009 and July 2012, we included 100 consecutive patients with AMI—either
ST elevation myocardial infarction (STEMI) or non-ST elevation MI (NSTEMI)—and 50
patients with acute ischemic stroke or transient ischemic attack (TTA) of atherothrombotic ori-
gin according to SSS-TOAST criteria [19] (presence of plaques in the symptomatic intracranial
or extracranial artery with stenosis >50%, or stenosis <50% in a patient with more than one
traditional vascular risk factor after excluding other embolic sources).

Inclusion criteria for AMI patients were <75 years of age, first AMI, and the presence of
more than one traditional vascular risk factor. Exclusion criteria were documented CAD and
previous treatment with statins. Inclusion criteria for AS were <75 years of age and initial
stroke severity <20 on the National Institute of Health Stroke Scale (NIHSS). Exclusion criteria
were previous documented stroke, previous disability >2 on the modified Rankin scale (mRS),
and previous treatment with statins. We also excluded patients with kidney disease, active neo-
plasm, and chronic inflammatory or infectious diseases from both cohorts.

All patients underwent an initial arterial study that included a B-mode ultrasound of the
carotid and vertebral arteries and transcranial Doppler ultrasound to assess intracranial circu-
lation. A second arterial study confirmed the degree of stenosis, either by MRI angiogram
(n =36) or CT angiogram (n = 14). Degree of stenosis was categorized into four groups: 30% to
50%; 51% to 70%; 71% to 99%; and complete occlusion.

All patients received treatment according to current guidelines.

Circulating endothelial cell and endothelial progenitor cell counts

Samples were collected in the first 24h after the initial AMI or AS. Blood was recovered in low
molecular weight heparin tubes and processed in duplicate within 4h of extraction. An assessment
of 2x10° events per sample was considered sufficient for statistical analysis. EPC were defined as
negative for CD45 and positive for CD34, KDR, and CD133 (CD45-CD34+KDR+CD133+). CEC
were defined as negative for CD45 and positive for CD146 and CD31 (CD45-CD146+CD31+).
We multiplied the EPC to CEC ratio obtained from flow cytometry analysis by the number of leu-
kocytes/ml in the blood sample to obtain the absolute number of each cell type per 1 mL of whole
blood.

Variables analysed

We recorded traditional cardiovascular risk factors for all patients according to standard defi-
nitions: age, sex, hypertension, diabetes, hypercholesterolemia, body mass index (BMI), admis-
sion lipids and HbA1c levels, and previous medication. Other variables recorded were:
common carotid artery (CCA) intima-media thickness (IMT), defined as the mean of three
measurements in each carotid artery and measured using a semi-automated carotid ultrasound
system (Sonosite MIcroMaxx IMT calc) according to international consensus [20]; and athero-
sclerotic burden (AB), determined on the basis of the number of affected vascular territories:
coronary, cerebrovascular, and peripheral [21]. For the AB evaluation, all patients had carotid
and transcranial Doppler ultrasounds (US). Cerebrovascular disease was diagnosed if >50%
stenosis was found in the supra-aortic ultrasound. In stroke patients, CAD was evaluated with
CT coronary angiography and diagnosed when stenosis exceeded 50%. Peripheral artery dis-
ease (PAD) was defined if the ankle-brachial index score was <0.9 or there was a previous his-
tory of intermittent claudication. Patients were thus classified into 3 groups according to the
presence of disease in each territory. All data were available except IMT, which was not mea-
surable in 17 patients (11.33%).

PLOS ONE | DOI:10.1371/journal.pone.0132415 September 2,2015 3/13
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Follow-up and vascular events

All patients had follow-up visits at 7, 30, 90, and 180 days. At each visit, any NVE was recorded.
The study endpoints included new acute coronary syndrome, any TIA or stroke, and any hos-
pitalization or death from cardiovascular causes. No patients were lost to follow-up.

Statistical methods

Means, standard deviations and frequencies were computed to describe continuous, normally
distributed, and categorical variables, respectively. Normality plots were constructed to check
whether continuous variables followed normal distributions. EPCs and CECs were categorized
into quartiles for further analysis. Student’s t-tests and ANOV A were performed to compare
means between 2 or more groups, respectively, while chi-square tests were computed to com-
pare frequencies between groups. Multivariate survival analysis was performed using Cox
regression models to estimate the hazard ratio (HR) for NVE with 95% confidence intervals
(CI). Multivariate models were adjusted for associated variables in the univariate analysis, con-
sidering a 2-sided P-value <0.05 as significant. Sensitivity analyses were performed to analyse
potential confounding variables, due to the known association between age and a lower EPC
count [22] and IMT with age and NVE [23]. Data analysis was performed using version 19 of
the SPSS statistical program and was reviewed by a biostatistician.

Results

Study population

Of the 100 consecutive AMI patients, 87 presented with STEMI and 13 with non-STEMI. Coro-
nary angiography was performed on all patients. In the STEMI group, primary percutaneous cor-
onary intervention was the revascularization method used for 66 (76%) patients, and fibrinolysis
for 15 (17%). Seven patients initially treated with fibrinolysis were subsequently treated with per-
cutaneous coronary intervention. Of the 50 patients with acute cerebrovascular disease, 35 (70%)
had a stroke diagnosis and 15 (30%) a TIA. The degree of stenosis in the symptomatic artery was
30% to 50% in 14 (34%) patients, 51% to 70% in 10 (20%), higher than 70% in 21 (42%) and
complete occlusion in 2 (4%) patients. Two patients were treated with intravenous thrombolysis
and 12 (24%) with delayed surgical or endovascular revascularization therapies.

Demographics and the clinical characteristics of the study population are shown in Table 1.
Patients with AMI were younger (53.7 vs. 64.5 years; P <0.01) and showed a lesser prevalence
of hypertension (27% vs. 68%; P< 0.01), diabetes mellitus (11% vs. 28%; P< 0.01), hypercho-
lesterolemia (20% vs. 42%; P < 0.01) and a greater prevalence of cigarette smoking (74% vs.
56%; p = 0.03) than patients with strokes. Atherosclerotic burden was higher in patients with
strokes than with AMI (36% with 3 territories vs 2%, P<0.01). Following discharge, AMI
patients were more frequently treated with aspirin (99% vs. 78%; P< 0.001), clopidogrel (95%
vs. 24%; P< 0.001), beta-blockers (85% vs. 6%; P< 0.001), and angiotensin-converting enzyme
inhibitors (63% vs. 30%, P< 0.001) or angiotensin receptor blockers (26% vs. 14%, P = 0.09)
than patients with strokes. The prescription of statins at discharge was similar among AMI and
stroke patients (100% vs. 98%; P = 0.94). Anticoagulation therapy was very infrequent and was
similar in both cohorts (8% of AMI vs 12% of strokes, P = 0.42).

EPC and baseline clinical variables

Of the 150 patients, 14 (9.3%) had basal EPC samples that were unavailable or invalid and 18
(12%) had values of 0. The median and IQR for each EPC quartile were as follows: Q1, 0.0
(0.0-38.25); Q2, 97.5 (65.22-121.15); Q3, 214.65 (185.75-239.65), Q4, 486.60 (380.62-799.80).
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Table 1. Bivariate analysis between AMI and stroke patients.

AMI STROKE P value

N =100 N =50
Age, mean (SD) y 53.7(10.2) 64.5 (9.4) <0.01
Males, n (%) 85 (85.0) 42 (84.0) 0.87
Hypertension, n (%) 27 (27.0) 34 (68.0) <0.01
Hypercholesterolemia, n (%) 20 (20.0) 21 (42.9) <0.01
Diabetes Mellitus, n (%) 11 (11.0) 14 (28.0) <0.01
Current smoking, n (%) 74 (74) 28 (56) 0.03
Previous IHD, n (%) 0 (0) 2 (4) 0.04
Previous stroke, n (%) 0(0) 0 (0)
Previous PAD, n (%) 2(2) 2(4) 0.474
BMI 26.6 (24.3-29.3) 28.1 (25.3-30.3) 0.117
Total Cholesterol (mg/dL) 197 (40) 199 (51) 0.80
LDL Cholesterol (mg/dL) 129 (33) 129 (39) 0.97
Triglycerides (mg/dL) 168 (135) 162 (88) 0.79
HbA1c% (median, IQR) 6.1 (1.7) 6.6 (1.6) 0.09
AB, n (%) <0.01
Three territories 2(2) 18 (36)
Two territories 42 (42) 23 (46)
One territory 56 (56) 9 (18)
IMT>0.9, n (%) 31 (36.9) 20 (40.8) 0.65
NVE, n (%) 9(9) 10 (20) 0.06

IHD = Ischemic heart disease
PAD = Peripheral arterial disease
BMI = Body mass index

AB = Atherosclerotic Burden

IMT = Intima media thickness
NVE = New vascular event.

doi:10.1371/journal.pone.0132415.t001

Higher basal EPC was associated with lower age (p for trend = 0.076), AMI (p = 0.019), and a
lower proportion of DM (p = 0.077). Glycated haemoglobin was lower in patients with a low
EPC, although all values were within the normal range. Although not statistically significant,
patients with a higher AB had lower basal EPC. The univariate analysis is summarized in
Table 2.

CEC and baseline clinical variables

Of 150 patients included, 5 (3.3%) patients had no basal CEC data and 10 (6.7%) had a cell
count of 0. The median and IQR of each CEC quartile were as follows: Q1, 21.50 (0.0-51.75);
Q2,113.97 (100.82-129.73); Q3, 208.30 (168.55-258.50); Q4, 570.50 (415.77-869.000). We
found no association between cardiovascular risk factors or AB and basal CEC. Basal CEC
count was higher in AMI patients (P = 0.014). A summary of the univariate analysis is found in
Table 3.

Incidence of cardiovascular events

A total of 19 patients (12.66%) had a NVE during follow-up (9/100 AMI patients and 10/50
stroke patients): 5 new strokes, 3 new TIA, 4 new AMI, 6 hospitalizations for other acute

PLOS ONE | DOI:10.1371/journal.pone.0132415 September 2,2015 5/13
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Table 2. Bivariate comparison between study variables and EPC quartiles.

BasEPC Q1 N = 34

Age, mean (SD) y 58.65 (10.50)

Males, n (%) 30 (88.2)
AMI patients, n (%) 20 (58.8)
Stroke patients, n (%) 14 (41.2)
Hypertension 15 (44.1)
Hypercholesterolemia, n (%) 6 (17.6)
Diabetes Mellitus, n (%) 6 (17.6)
Current smoker, n (%) 25 (73.5)
Alcohol overuse, n (%) 8 (23.5)
BMI, med (q25-q75) 27.1(24.2-29.4)
HbA1c% med (q25-75) 5.5 (5.0-5.9)
AB, n (%)

Three territories 7 (20.6)
Two territories 13 (38.2)
One territory 14 (41.2)
IMT>0.9, n (%) 9 (29.0)
NVE, n (%) 9 (26.5)
New stroke/TIA 6 (17.6)
New ACS 1(2.9)
Other ACV event 2 (5.9)

BasEPC = Basal count of EPC
AMI = Acute myocardial infarction
BMI = Body mass index

AB = Atherosclerotic Burden

IMT = Intima-media thickness

NVE = New vascular event

ACS = Acute coronary syndrome
ACV = Acute cardiovascular event.

doi:10.1371/journal.pone.0132415.1002

BasEPC Q2 N = 34

59.06 (12.29)
27 (79.4)

19 (55.9)

15 (44.1)

14 (41.2)

10 (29.4)

8 (23.5)

20 (58.8)

6 (17.6)
26.6(24.4-29.8)
5.8 (5.6-6.7)

4(11.8)
17 (50.0)
13 (38.2)
13 (41.9)
3(8.8)
2(5.9)
0(0.0)
1(2.9)

BaseEPC Q3 N =34

58.38 (10.28)
31 (91.2)

22 (64.7)
12 (35.3)
15 (44.1)
9 (26.5)

8 (23.5)

23 (67.6)

7 (20.6)
26.5(24.5-30.1)
5.9 (5.3-7.5)

6 (17.6)
13 (38.2)
15 (44.1)
12 (38.7)
2(5.9)

0(0.0)
1(2.9)
1(2.9)

BasEPC Q4 N = 34

52.91 (11.08)
28 (82.4)

30 (88.2)
4(11.8)

12 (35.3)

11 (32.4)
1(2.9)

25 (73.5)

2 (5.9)
27.4(25.8-29.4)
5.8 (5.4-6.0)

1(2.9)
17 (50.0)
16 (47.1)
16 (55.2)
3(8.8)
0(0.0)
1(2.9)
2 (5.9)

P value

0.076
0.504
0.019

0.866
0.549
0.077
0.517
0.227
0.965
0.048
0.414

0.229
0.020

cardiovascular diseases, and 1 cardiovascular death. All new AMI patients had had a previous
AMI and all the strokes/TIAs occurred in patients with initial stroke. Median time to NVE was
30 days (range 2-90). In univariate analysis, the incidence of NVE was associated with age (P
for trend 0.039), IMT>0.9 (P = 0.044) and basal EPC count (P = 0.041). The analysis is sum-
marized in Table 4. Basal CEC count was not associated with NVE.
Regarding medication at discharge, the proportions of aspirin (79% vs 93%, P = 0.047), clo-
pidogrel (52% vs.74%, p = 0.052) and beta-blockers given (42% vs. 61%, P = 0.094) was lower
in patients who had had a NVE (Table A in S1 File).
To explore potential associations between each NVE and the study variables, we divided
NVEs into two subgroups due to the low number of events in each category: the first group
included new strokes/TIAs; and the second group, other vascular events (AMI/cardiovascular
hospitalization or death). We performed a separate bivariate analysis between vascular risk fac-
tors and each subgroup outcome. Variables associated with new stroke/TIA compared with
other vascular events were: HTA (75% vs. 9%, P = 0.014) and age (67.38 vs. 58.4, P = 0.026).
Moreover, patients who had a new stroke/TIA had lower EPC counts than patients who suf-

fered other vascular events (p = 0.027). (Table B in S1 File)
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Table 3. Bivariate comparison between study variables and CEC quartiles.

BasCEC Q1 N =34

Age, mean (SD) 60.14 (10.26)

Males, n (%) 29 (80.6)
AMI patients, n (%) 17 (47.2)
Stroke patients, n (%) 19 (52.8)
Hypertension, n (%) 16 (44.4)
Hypercholesterolemia, n (%) 9 (25.0)
Diabetes Mellitus, n (%) 8 (22.2)
Current smoker, n (%) 20 (55.6)
Alcohol overuse, n (%) 6 (16.7)

BMI med (g25-75) 26.7(24.1-29.8)
HbA1c%, med (q25-75) 5.8 (5.3-6.8)
AB, n (%)

Three territories 6 (16.7)
Two territories 16 (44.4)
One territory 14 (38.9)
IMT>0.9, n (%) 13 (43.3)
NVE, n (%) 7 (19.4)
New stroke/TIA 3(8.3)

New ACS 1(2.8)
Other ACV event 3(8.3)

BasCEC = Basal count of circulating endothelial cells
AMI = Acute myocardial infarction

BMI = Body mass index

AB = Atherosclerotic Burden

IMT = Intima media thickness

NVE = New vascular event

ACS = Acute coronary syndrome

ACV = Acute cardiovascular event.

doi:10.1371/journal.pone.0132415.1003

BasCEC Q2 N =34

58.11(9.70)
31 (86.1)
23 (63.9
13 (36.1
14 (38.9
10 (27.8
5 (13.9)
29 (80.6)

10 (27.8)
26.8(24.3-29.4)
5.7 (5.4-6.2)

)
)
)
)

3(8.3)
21 (58.3)
12 (33.3)
12 (35.3)
6 (16.7)
4(11.1)
1(2.8)
1(2.8)

BasCEC Q3 N =33

54.22 (11.72)
32 (86.5)

29 (78.4)

8 (21.6)

13 (35.1)

11 (29.7)

5 (13.5)

27 (73.0)
4(10.8)
26.9(24.5-30.2)
5.8(5.4-6.4)

5 (13.5)
13 (35.1)
19 (51.4)
12 (37.5)
3(8.1)
1(2.7)
2 (5.4)
3(8.1)

BasCEC Q4 N = 34

56.94 (12.34)
31(86.1)

28 (77.8)

8 (22.2)

17 (47.2)

10 (27.8)

7 (19.4)

23 (63.9)
4(11.1)
27.5(26.1-29.6)
5.7 (5.4-6.2)

5 (13.9)
15 (41.7)
16 (44.4)
14 (42.4)
2 (5.6)
0(0.0)
1(2.8)
1(2.8)

P value

0.145
0.877
0.014

0.721
0.976
0.707
0.117
0.176
0.717
0.968
0.562

0.895
0.219

Multivariate Cox regression analysis showed an independent association with basal EPC.
The risk is highest in the lowest quartile (Table 5 and Fig 1). Compared with Q4, adjusted HRs
were as follows: Q1 [HR: 10.33, 95% CI (1.22-87.34), P = 0.032]; Q2 [HR: 1.43, 95%CI (0.17-
17.48) P =0.778]; Q3 [HR: 0.67, 95% CI (0.03-11.48), P = 0.789]. IMT>>0.9 was also an inde-
pendent predictor of NVE [HR: 4.12, 95% CI (1.21-13.95), P = 0.023]. In the model without
IMT but adjusted for age (Table C in S1 File), sensitivity analyses showed an estimated HR of
2.96 (p = 0.105) for EPC Q4 vs QI, whereas in the model without age but adjusted for IMT
(Table Cin S1 File), the HR was 15.77 (p = 0.010). These results clearly indicate that age was
not a confounding variable when IMT was already present in the model, since the HR
remained significant and varied from 10.33 to 15.77 (Table 4). On the other hand, IMT was a
strong reverse confounding variable, even in the presence of age, since the HR varied from

10.33 to 2.96 and ceased to be significant when IMT was removed from the model.

Other variables associated in bivariate analysis, such as HbAlc or medication at discharge,
were not associated in the Cox regression analysis. (Tables D-E in S1 File)
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Table 4. Bivariate analysis between study variables and NVE.

Age, mean (SD)

Males, n (%)
Hypertension, n (%)
Hypercholesterolemia, n (%)
Diabetes Mellitus, n (%)
Current smoker, n (%)
BMI, med (q25-75)
Atherosclerotic Burden, n (%)
Three territories

Two territories

One territory

IMT>0.9, n (%)

Basal EPC, n (%)

Qi

Q2

Q3

Q4

Basal CEC, n (%)

Qi

Q2

Q3

Q4

BMI = Body mass index
IMT = Intima-media thickness

EPC = Endothelial progenitor cells
CEC = Circulating endothelial cells.

doi:10.1371/journal.pone.0132415.1004

Vascular events yes N = 19 Vascular events No N = 131 P value
62.21 (9.74) 56.58 (11.17) 0.039
15 (78.9) 112 (85.5) 0.443
7 (36.8) 54 (41.2) 0.758
6 (31.6) 35 (26.7) 0.653
4 (21.1) 21 (16) 0.587
14 (73.7) 88 (67.2) 0.260
25.8 (23.7-19.4) 26.9 (24.8-29.7) 0.384
0.205
5 (26.3) 15 (11.5)
7 (36.8) 58 (44.3)
7 (36.8) 58 (44.3)
9 (64.3) 42 (35.3) 0.044
0.041
9 (52.9) 25 (21.0)
3(17.6) 31 (26.1)
2(11.8) 32 (26.9)
3(17.6) 31 (26.1)
0.219
7 (38.9) 29 (22.8)
6 (33.3) 30 (23.6)
3(16.7) 34 (26.8)
2(11.1) 34 (26.8)
Discussion

Our study is the first to show that basal EPC, but not basal CEC count, is associated with
6-month NVE in patients with AMI and AS. Cerebrovascular diseases and CAD are the highest
causes of mortality worldwide. However, whereas CAD is usually attributable to large-vessel
atherosclerosis, stroke has a far more heterogeneous pathophysiology, including emboli

Table 5. Cox regression analysis for the risk of NVE.

HR 95% CI P

Basal EPC quartiles 0.003
Basal EPC Q1 10.33 (1.22-87.34) 0.032
Basal EPC Q2 1.43 (0.17-17.48) 0.778
Basal EPC Q3 0.67 (0.03-11.48) 0.786
IMT > 0.9 4.12 (1.21-13.95) 0.023
Age 1.05 (0.98-1.12) 0.118
EPC = Endothelial progenitor cells
IMT = Intima-media thickness.
doi:10.1371/journal.pone.0132415.t005
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Fig 1. Kaplan-Meier survival curve according to EPC quartiles.

doi:10.1371/journal.pone.0132415.g001

originating from the heart, cerebral small-vessel disease (lacunar infarcts), and an abundant
variety of other less frequent causes.

Atherothrombotic strokes—the most prevalent stroke subtype [24]—are those caused by
large-vessel atherosclerosis in the major blood vessels supplying the brain, such as the carotid,
vertebral, and basilar arteries or the vessels forming the circle of Willis. This stroke subtype
and AMI not only share a common pathophysiology (large-vessel atherosclerosis) but also a
high (20%) 10-year risk of future cardiovascular events [15,16].

Although very promising results have been found in trials using stem cell therapy in vascu-
lar diseases [25,26], the role of circulating EPC and CEC is not completely understood. The
PROCELL study aimed to study the role of these cells in patients with AMI and acute AS.

We found that patients with a very low EPC count have a higher risk of a NVE during the
first 6 months. These results come as no surprise in AMI patients since previous studies have
found similar results. In a large study including 519 patients undergoing coronary angiography
[27], decreasing levels of baseline EPC were associated with death from cardiovascular causes,
first major cardiovascular events, revascularization and hospitalization after 12 months of fol-
low-up, although EPCs were not associated with AMI or stroke. That study included patients
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with acute, subacute and chronic myocardial infarction and the incidence of AMI or stroke
during follow-up was less than in our study (6.7% and 3.4% respectively). There was also no
information about stroke subtype (ischemic or haemorrhagic). Another study including 44
patients with stable CAD, 33 patients with acute coronary syndrome and 43 control subjects
also found an independent association with EPC and later cardiovascular events during a
median follow-up of 10 months [13]. Eleven patients (14.5%) had a cardiovascular event, but
most of these were revascularizations

In addition, a lower EPC count has been associated with NVEs in healthy subjects [28] and
patients with kidney disease [29] or metabolic syndrome [30]. However, in most of these stud-
ies, a new stroke was not considered an outcome.

There are numerous differences between these studies and ours: We included only patients
with acute diseases (AMI and stroke) because these patients are at a high risk of subsequent
cardiovascular events. [31] For this reason, we studied patients admitted within the first 24h
after the initial event and the follow-up was shorter. It is worthy of note that, in our study, 6 of
19 patients (31.57%) had the NVE in the first week of follow-up, pointing out the importance
of studying acute patients. Furthermore, we studied ischemic strokes that had the same etiol-
ogy, large artery atherosclerosis, whereas in the previous studies, the stroke etiologies were
mixed; this is a crucial matter, especially when studying pathophysiology. We did not include
programmed revascularization as an outcome because we focused only on the risk of unex-
pected acute cardiovascular events. We included ischemic stroke as an outcome, whereas other
studies did not. Finally, our study is the first to consider EPC and CEC counts in the same
cohort.

In addition, to the best of our knowledge, the association between NVE and basal EPC
count has not previously been described in stroke patients. Only one study [14] found an asso-
ciation between lower basal EPC and a combination of NVE and poor neurological status at 90
days, with only 3 out of 138 patients having a stroke recurrence.

Several experimental studies have proved that circulating EPC is capable of mobilizing to
injured arteries and repairing the endothelium [32]. In our study, we also observed the poten-
tial protective effect of these cells as a marker of a high risk of vascular events even in patients
receiving the best medical treatment available.

Although the role of EPC has been broadly studied, the influence of CEC on the risk of
NVE has received little attention. The association between CEC and NVE in patients with
ischemic stroke has not been previously reported, and we found only one previous study of
patients with acute coronary syndrome in which 48h CEC was the only independent predictor
of a major cardiovascular event at one year [33]. We were unable to replicate these findings;
this was probably due to methodological differences between the studies, most importantly
that the CEC characterization was different (CD 146+CD31- in the study cited and CD146
+CD31+ in our study) and also that strokes were not included as a vascular outcome in the ear-
lier study.

Apart from the cell analysis, we aimed to identify other clinical variables with a predictive
role in vascular risk. We found that carotid IMT>0.9 was independently associated with the
risk of NVE. Increased carotid IMT has been considered an early marker of atherosclerosis and
a proven risk factor for future vascular events in healthy populations, as well as in patients with
cardiovascular disease, independently of other vascular risk factors [23,34]. In our study,
IMT>0.9 was more informative than other clinical variables such as age, vascular risk factors,
or atherosclerotic burden. This is important because, although various meta-analyses found
that IMT measurement adds little predictive value in the general population [35,36], it can help
identify subgroups with a worse prognosis in patients at high vascular risk, such as AMI or AS
patients.
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Our study has several strengths. We have uniformly studied patients with different acute
manifestations of a common disease, large-vessel atherosclerosis. All patients underwent
exhaustive vascular study and were treated under current international guidelines. All samples
were collected within the first 24h of the ischemic event in order to study early recurrences.
Finally, this was the first study to analyse both cell subtypes at the same time. The study also
has a few limitations, the most important being the small sample size. However it should be
pointed out that the PROCELL study was a prospective, multicenter case-control study that
included a highly selected population. Patients were studied during the acute phase and the fol-
low-up was very thorough [18]. In addition, the results of the study are in agreement with pre-
vious studies with similar methodologies and similar sample sizes. [13,14,33] We consider
therefore that although the small sample size prevented a more detailed analysis of patient sub-
types and vascular events, it does not invalidate the association between EPC and NVE. Sec-
ondly, although the information on the patients recruited was extensive, we did not include
other comorbidities that may have influenced the association between EPC and the risk of
NVE, such as obstructive sleep apnea, which is implicated in the development of hypertension,
endothelial dysfunction and higher intima-media thickness, all elements known to lead to ath-
erosclerosis. [37] Lastly, although the medication prescribed and patient compliance was veri-
fied at every visit, due to the observational nature of the study and the study size, the influence
of drugs on the risk of vascular events could not be ascertained.

Conclusions

In patients with acute manifestations of large-vessel atherosclerosis, such as AMI or AS, a low
EPC count is a strong predictor of future vascular events, whereas CEC count has no predictive
role. More research on this field is needed to confirm the protective role of EPC in patients
with vascular disease.
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Discussio

7. DISCUSSIO

7.1. OBIJECTIU 1: RISC DE RECURRENCIA | FACTORS RELACIONATS

El primer article mostra que en pacients amb ACS tributaris de revascularitzacié, el risc
de recurrencia precog¢ és molt alt. Els pacients amb ictus lleus o AIT tenen un risc de
recurrencia, incloent DNP, del 30% durant els primers 14 dies, pero sobretot durant les
primeres 24h. La taxa de recurréencia ipsolateral durant els primers 14 dies és de
I’11,5% (24% si es tenen en compte els AIT) i en un terg dels pacients la recurréncia és
incapacitant.

Estudis previs han descrit el risc de recurréncia en pacients amb AC simptomatica. No
obstant aix0, la majoria han inclds pacients no seleccionats, alguns no tributaris de
revascularitzacié per comorbiditats o per ictus incapacitant. Tampoc s’han analitzat les
primeres hores d’evolucié que resulten tant crucials. En I'estudi poblacional d’Oxford
en pacients amb AIT i estenosi 250% es va trobar un risc de recurréencia del 21% als 15
dies i del 32% als 90 dies, dades similars ales nostres. (Fairheadet al., 2005) El fet
d’haver inclos el DNP amb progressio clinica com a recurréncia en el primer article fa
gue les nostres xifres siguin lleugerament superiors.

Com a factor predictor de recurréncia en aquest primer treball només hem trobat el
grau d’estenosi. També en dos estudis previs realitzats en el nostre centre el fet de
tenir una estenosi severa o una oclusié arterial fou el factor més important per patir
DNP tant en ictus com en AIT de qualsevol etiologia. (Ois, Gomis, et al., 2008;
Ois, Martinez-Rodriguez, et al., 2008)

En el segon article, on es va utilitzar la definicié de recurréncia basada en els assajos
clinics, no es va trobar que el grau d’estenosi fos un factor associat. Tampoc en els

assajos de revascularitzacié el grau d’estenosi es va associar amb el risc de recurréncia,
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ni en altres estudis posteriors, que han trobat que el grau de vulnerabilitat de la placa
és més rellevant que el grau d’estenosi pel risc de recurréncia. (Eliasziw et al.,
2004; Marnane et al., 2012; P. Rothwell et al., 2004) En canvi, segons els nostres
resultats, el grau d’estenosi si que juga un paper clau en el risc de DNP,
probablement per mecanismes hemodinamics. (Blaser et al., 2002)

L’dnic factor predictiu de recurréncia en I'estudi multicentric ha estat I'edat. També a
I"analisi conjunta dels assajos clinics, I'edat i la majoria de FRCV es van associar al risc
de recurréncia. (Rothwell et al., 2003) La DM al primer article i la FA al segon

mostren una tendéncia a I'associacid. L'associacié entre DM i recurrencia despres
d’un AIT de qualsevol etiologia és ampliament coneguda, per aixo és un factor clau a
les escales de risc de recurréncia. (Johnston et al., 2000) En canvi, I’associacié amb
I'antecedent de FA en aquest subtipus de pacients no ha estat descrita ni
avaluada previament. Aquesta troballa mereixeria ser investigada en futurs
estudis degut a les seves possibles implicacions terapéutiques. Per ultim, el tipus
d’esdeveniment simptomatic també mostra una tendéencia a I’associacid,
congruent amb els assajos derevascularitzaci6 que sempre han trobat un
major risc de recurréncia en esdeveniments cerebrals respecte dels oculars.
(Benavente et al., 2001; P. Rothwell et al., 2004)

Com a limitacié cal destacar que dintre del grup de pacients amb EC 70-99% no s’han
diferenciat aquells pacients amb disminucié del flux distal descrits a la literatura com a
quasi oclusions o near occlusion, que en els assajos de revascularitzacié van mostrar un

menor risc de recurréncia a llarg termini. L'evolucié inicial d’aquest tipus especial d’'EC
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severa s’hauria d’adrecar en futurs estudis, ja que hi ha pocs treballs realitzats i els
seus resultats sén controvertits. (Johansson et al., 2015)

A diferéncia dels estudis previs publicats, als nostres treballs tots els pacients han estat
atesos dintre de les primeres 24 hores i han rebut tractament medic de forma precog.
Practicament tots els pacients sOn tractats amb estatines a dosis altes des de la
publicacié de I'estudi SPARCLE i també hem objectivat un augment del percentatge de
pacients tractats amb doble antiagregacié en els darrers anys. Malgrat aix0, aquest
percentatge encara és baix (9-28% en el segon treball), donat que els estudis que han
mostrat el benefici de la terapia sén més recents i les guies de tractament encara no el
recomanen com a primera eleccié. (Wang et al., 2013) Aquest fet és important, ja que
alguns estudis recents no aleatoritzats han trobat un risc de recurréncia abans de la
cirurgia molt baix, practicament nul, en pacients amb ACS tractats amb terapia dual
antiagregant i estatines a dosis altes. (Shahidi et al., 2013)

A pesar de les recomanacions només un 32% dels pacients reben la cirurgia abans dels
14 dies, essent la nostra cohort la que aporta un percentatge més baix (només un
16%). Aix0 és degut a que hem inclds pacients des del 2005, quan no existia la
recomanacié de cirurgia precoc i també al fet que la nostra cohort és la que aporta
més pacients amb ictus respecte a les altres dues cohorts, que aporten més pacients
amb AIT i simptomes oculars. La cirurgia en pacients amb ictus inicialment incapacitant
es pot demorar més de dos setmanes, doncs es considera que la morbimortalitat
quirurgica pot ser superior.

El moment adient per a la cirurgia preco¢ continua sent objecte de debat. Mentre

alguns estudis no troben augment de la morbimortalitat durant les primeres 72h en
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pacients amb AIT o ictus minor, en altres estudis si que en troben (Strémberg et al.,
2012). En el nostre estudi un 6,6% dels pacients tenen una recurréncia ipsolateral
durant els primers tres dies, gairebé el que es considera el risc quirdrgic acceptable en
aquest tipus de pacients. (Kernan et al., 2014) S6n necessaris, per tant, estudis
aleatoritzats que comparin I'efecte del tractament meédic intensiu actual amb la
revascularitzacié urgent (<72h) i preco¢ (3-14 dies) per veure quina és la terapia
que mostra millor benefici en cada un d’aquest periodes on el risc de

recurrencia i morbimortalitat quirdrgica sén diferents.

7.2. OBJECTIU 2: SEVERITAT | RISC DE DNP. PAPER DEL GRAU D’ESTENOSI

El segon article descriu, per primera vegada, la fase més hiperaguda dels ictus deguts a
AC en una cohort consecutiva sense seleccionar i incloent-hi els pacients amb
oclusions. En treballs previs s’havia descrit que la severitat inicial dels ictus LAA és
menor que la dels CE i major que la dels LAC, perdo mai s’havia fet una analisi de
pacients amb AC exclusivament. Tampoc no podem extreure dades sobre severitat
inicial dels assajos de revascularitzacio, ja que no es van incloure ictus incapacitants.

El nostre estudi mostra que, a la nostra poblacio, 2/3 dels ictus per AC sén lleus i
només un 9% tenen un ictus sever. No obstant aixo, aproximadament 1/4 dels pacients
presenten DNP durant les primeres 72h, empitjorant el seu pronostic als tres mesos.

El principal factor associat a la severitat inicial és el grau d’estenosi. De fet, més de la
meitat dels ictus severs son oclusions carotidies. L’associacié entre la severitat inicial i

el grau d’EC no s’havia descrit préviament, tot i que dos estudis anteriors havien trobat
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un pitjor pronostic inicial de les oclusions carotidies comparat amb graus menors
d’estenosi. (Burke et al., 2011; Weimar et al., 2006)

Els altres factors associats a la severitat (AIT previ, estenosi intracranial i glicemia
inicial) han estat descrits préviament en altres estudis que no necessariament havien
inclos l'ictus per AC. (Luitse et al., 2012; Weber et al., 2011; Weimar et al., 2006)

Pel que fa al risc de DNP, es confirma que en pacients amb ACS el grau d’estenosi és un
factor determinant, essent més alt a les EC>70% i a les oclusions que a les estenosis
50-69%. Al primer article ja haviem descrit aquesta associacid, pero es tractava només
d’una cohort d’ictus minor i AIT i no s’incloien oclusions carotidies. En aquest tercer
treball hem confirmat que I’associacid es manté en tots els graus de severitat i que les
oclusions carotidies tenen un risc major que les EC severes. El risc de DNP global és
similar al del primer treball (23% en global) i arriba a gairebé un 40% a les EC severes i
oclusions. Aquest resultats coincideixen amb els d’un estudi previ amb una cohort gran
(n=4144) que va descriure una taxa més alta de DNP, mort intrahospitalaria i pitjor
estat funcional a I’alta als pacients amb oclusié carotidia que als pacients amb EC>70%
(Burke et al., 2011). En aquest estudi, pero, no queda clar com es va definir el DNP ni
es van analitzar els factors relacionats. Com s’ha comentat abans, en pacients amb
oclusions i estenosis severes el DNP podria explicar-se per un pitjor estat
hemodinamic, que dificultaria 'aclariment de possibles tromboembolies distals i
I'arribada de flux col-lateral (Alawneh et al., 2009; Derdeyn, 2007). Malgrat tot, al
nostre estudi no hem pogut analitzar els mecanismes relacionats amb el DNP en
profunditat. Com es comenta a les limitacions del treball, no s’han realitzat estudis de

vasoreactivitat cerebral que haurien pogut indicar els pacients amb una reserva
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hemodinamica exhausta, (Alvarez et al., 2004) ni tampoc no s’ha pogut analitzar el
paper de la circulacid colateral per DTC o neuroimatgeria.

Els altres factors associats amb el risc de DNP ja s’havien descrit préeviament en
pacients amb ictus de qualsevol etiologia com I'antecedent d’AIT previ (Ois et al.,
2008) i la TAM a l'arribada del pacient (Castillo et al., 2004; Ois et al., 2008), fet que
podria traduir I'esgotament d’altres mecanismes compensatoris. Per Ultim, en aquest
tercer estudi també destaquem la limitaci6 de no haver pogut diferenciar les EC

severes de les quasi oclusions.

7.3. OBIJECTIU 3: BIOMARCADORS DE RECURRENCIA

Els ictus LAA soén el subtipus d’ictus amb un major risc d’esdeveniments vasculars
segons un estudi recent realitzat a la nostra cohort Basicmar.(Ois et al., 2013) Donada
la rellevancia que tindria el poder disposar de biomarcadors de recurréencia en aquests
pacients, hem analitzat el valor pronostic de diferents molécules implicades en la
fisiopatologia de I'arteriosclerosi. Hem objectivat que I'existéncia d’un nombre baix de
CEP despres d’un ictus LAA o IAM s’associa a un major risc d’esdeveniments vasculars
durant els primers 6 mesos. No hem trobat, en canvi, cap relacié amb les CEC.

Cap estudi previ no ha analitzat ictus i IAM, ni CEP i CEC a la mateixa cohort o a
pacients en fase aguda (<24h d’evolucié dels simptomes). Aixo és rellevant perqué al
nostre estudi més d’'un 30% de les recurréncies es produeixen durant la primera
setmana. En un estudi publicat fa uns mesos, s’ha descrit I'associacié de les CEP als 7
dies després d’un ictus de qualsevol etiologia amb el risc de NVE (Marti-Fabregas et al.,

2015) En aquest estudi, que incloia 121 pacients, tampoc no s’ha pogut demostrar una
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associacid exclusiva amb la recurréncia d’ictus, possiblement degut al mida mostral,
que és també la principal limitacié del nostre estudi.

A banda d’aquest estudi, a I'apartat d’annexes hem inclos I'abstract d’un estudi previ
realitzat I'any 2010 (annex B) que és va presentar com a comunicacié oral a la reunid
anual de la SEN i al qual varem analitzar la relacié de dos biomarcadors de DE (MA i
LDL-ox) amb el risc de DNP en pacients amb ictus/AIT d’etiologia LAA i LAC. A I'analisi
multivariable ajustada, les variables associades de forma independent amb el risc de
DNP foren: MA [OR: 3,52 (95% IC: 1,40-8,41) P=0,007], TAM inicial [OR: 1,04, (95% IC:
1,01-1,06) P<0,001 per cada mmHg] i I'existencia d’estenosi severa [OR: 3,23 (95% IC:
1,24-8,40) P=0,016] . Per cada increment de 1mg d’albuminuria I'OR ajustada fou 1,01
(95% IC: 1,002-1,018, P=0,01). A I'analisi multivariable ajustada pels valors de LDL-col i
tractament amb estatines, els valors de LDL-ox també es van associar de forma
independent amb el DNP [OR: 1.03, (95% IC: 1,02-1,06) P=0,034] per cada U/L. Cap
d’aquestes associacions no s’havia descrit previament

Aquest estudi va conduir a una ulterior publicacié (Cuadrado-Godia et. a/ 2011) que no
s’ha inclos dintre de les publicacions de la tesi ja que només va abastar els resultats
dels ictus LAC.

Els mecanismes pels quals podem explicar les associacions descrites sén hipotetics, ja
que estem estudiant un procés cerebral amb biomarcadors de malaltia sistemica.
L'albumindria tradueix un augment de la permeabilitat vascular, mentre que la LDL-ox
es considera un marcador d’estres oxidatiu (Roquer et al., 2009).Totes dues molecules
estan implicades en un augment de la rigidesa arterial, la qual cosa podria influir en el

desenvolupament del DNP per alteracié dels mecanismes d’autoregulacido de flux
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(Brinkley et al., 2009; Ishikawa et al., 2008). A més, 'augment de la permeabilitat
vascular podria empitjorar altres mecanismes cel-lulars implicats en el DNP com el pas
de citocines proinflamatories (Castellanos et al., 2002; Vila et al., 2003). Per altra
banda, les CEP tenen capacitat de mobilitzar-se i adherir-se a I’endoteli de vasos
danyats. (Dzau et al., 2005) La reduccié del nombre d’aquestes cel-lules reparadores
podria afavorir la recurréncia vascular en pacients amb arteriosclerosi evolucionada.

(Du F front biosci 2012)
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8. CONCLUSIONS

1. En pacients amb AC simptomatica tributaris de revascularitzacio, la taxa de
recurrencia ipsolateral és 6,6 % als 3 dies, 11,5% als 14 dies i 18,8% als 90 dies. Un terg
de les recurrencies son incapacitants. L'edat i el tipus de simptoma inicial (cerebral
vs.ocular) s’associen a un major risc de recurrencia.

2. Els 75% dels ictus per AC tenen una severitat inicial lleu. No obstant aix0, un 23%
presenta DNP durant les primeres 72h. El grau d’estenosi és el factor més important
per al desenvolupament d’ictus sever i DNP en aquest subtipus d’ictus. Altres factors
relacionats son I'antecedent d’AlT, que s’associa a una menor severitat inicial pero a
un risc més alt de DNP, i la TAM inicial, que també s’associa a un major risc de DNP.

3. El recompte baix de CEP dintre de les primeres 24h després d’un ictus LAA s’associa
a un risc elevat de NVE durant els primers 6 mesos. Valors augmentats d’albumindria i

LDL-ox plasmatica s’associen a un major risc de DNP.
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9. IMPLICACIONS CLINIQUES

Els resultats d’aquesta tesi demostren que malgrat la millora en el tractament medic,
els pacients amb ACS continuen tenint un risc elevat de DNP i recurrencia abans de la
cirurgia. Per tant, la primera implicacid clinica que s’extrau d’aquests resultats és la
importancia d’identificar de forma rapida la patologia carotidia en els pacients amb
ictus/AIT agut, ja que les primeres hores d’evolucié sén crucials per al pronostic
posterior. Tot pacient amb sospita d’ictus/AIT requereix un estudi de troncs
supraaortics dintre de les primeres hores i, en cas de detectar-se una estenosi severa o
oclusio, s’hauria d’iniciar el tractament medic de forma rapida i valorar I'ingrés en una
unitat d’ictus durant els primers tres dies, quan el risc de DNP és molt alt. El
tractament dual antiagregant i amb estatines a dosis elevades semblaria el més adient
segons els darrers estudis, encara que no hi ha dades randomitzades. L'Us d’un conjunt
de biomarcadors de DNP i recurréncia com els analitzats en aquesta tesi podria ajudar
a la identificaci6 de pacients amb major risc, de qui s’hauria de valorar la
revascularitzacié ultraprecog, dintre, si fos possible, d’un assaig clinic aleatoritzat. El
recompte de les CEP en aquests pacients també pot ajudar a la seleccié d’aquells amb
risc més alt d’esdeveniments cardiovasculars futurs. En aquests pacients les terapies
de prevencid secundaria i el seguiment medic haurien de ser molt estrets per
assegurar el compliment terapéutic, el canvi d’estil de vida i valorar terapies

experimentals.
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11. ANNEXOS

11.1 Annex A: Acronims i abreviacions.
AAS: acid acetilsalicilic

AC: arteriosclerosi carotidia

ACI: arteria carotide interna

ACE: arteria carotide externa

ACS: arteriosclerosi carotidia simptomatica
Afx: amaurosi fugac

ApoB: apoproteina B

CAC score: puntuacié de calci intracoronari
CAS: angioplastia carotidia

CE: ictus secundaris a cardioembolisme
CEA: endoarteriectomia carotidia

CEC: cel-lules endotelials circulants
CEP: cél-lules endotelials progenitores
CV: cardiovascular

DE: disfuncié endotelial

DNP: deteriorament neurologic precog
DSA: angiografia amb sostraccié digital
DTC: doppler transcranial

EC: estenosi carotidia

FRCV: factors de risc cardiovasculars

GIM: gruix intima-mitjana carotidi
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hs-CRP: proteina C reactiva de alta sensibilitat

IAM: infart agut de miocardi

IS: Ictus de causa infreqilient

ITB: index turmell-brag

LAA: Ictus deguts a arteriosclerosi de gran vas (large artery atherosclerosis)
LAC: ictus lacunars

LDL-ox: lipoproteina de baixa densitat oxidada

RAR: Reduccio absoluta del risc
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11.2 Annex B: ABSTRACT SEN 2010:Disfuncién endotelial y deterioro neuroldgico
precoz en el ictus aterotrombdtico y lacunar. Cuadrado-Godia E, Ois A, Garcia-
Ramallo E, Giralt E, Jimena S, Rubio MA, Rodriguez-Campello A, Jiménez-Conde J,

Roquer. Abstract. Neurologia.2010; 25 (Espec Congr):36
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36 LXIl Reunion Anual de la Sociedad Espafiola de Neurologia

DISFUNCION ENDOTELIAL Y DETERIORO NEUROLOGICO
PRECOZ EN EL ICTUS ATEROTROMBOTICO Y LACUNAR

E. Cuadrado-Godia, E. Garcia-Ramallo, A. Ois Santiago, E. Giralt,
A. Rodriguez-Campello, J. Jiménez-Conde y J. Roquer

Programa de Investigacion en Inflamacion y Procesos
Cardiovasculares. Instituto Municipal de Investigacion Médica.
Barcelona.

Objetivos: Analizar el papel de la disfuncion endotelial (DE) me-
dida mediante niveles de microalbuminuria (MA) y LDL-oxidada
plasmatica (ox-LDL) en del desarrollo de DNP.

Material y métodos: Pacientes consecutivos ingresados entre di-
ciembre 2007 y diciembre 2009 por ictus aterotrombético o
lacunar. Definimos DNP como el empeoramiento > 4 puntos de
NIHSS en 72h. La MA se determind en una muestre urinaria
matutina a las 24h. Para confirmar el papel de la DE los niveles
de ox-LDL basales fue-ron analizados en una cohorte diferente
seleccionada de 90 pacien-tes (30 con DNP y 60 sin DNP)
controlados por edad, sexo y etiolo-gia.

Resultados: La prevalencia de MA fue el doble en los pacientes
con DNP 53,1% vs 27,1% (p = 0,005). En el estudio multivariado el
riesgo de DNP se asoci6 a la presencia de MA (OR: 3,52, 1C95%:
1,40-8,41; p = 0,007), presién arterial media (OR: 1,04, IC95%:
1,01-1,06; p < 0,001) y estenosis carotidea ipsilateral > 70% (OR:
3,23, 1C95%: 1,24-8,40; p = 0,016). Los niveles de ox-LDL fueron
superio-res en el grupo de DNP [media (DE): 76,70 (21,48) U/L
vs 64,98 (23,77) U/L, p = 0,025]. Ajustando por LDL-colesterol y
pretrata-miento con estatinas, los niveles de ox-LDL se asociaron
indepen-dientemente con el riesgo de DNP (OR: 1,03, 1C95%:
1,02-1,06, p=0,034).

Conclusiones: La DE es un factor determinante en el desarrollo
de DNP. Los marcadores de DE pueden ser (tiles en la
estratificacion del riesgo.)

0213-4853X/$ - see front matter © 2010 Sociedad Espafiola de Neurologia. Publicado por Elsevier Espafia, S.L. Todos los derechos reservados.
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