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RESUM

L'ictus és una de les principals causes de mort i discapacitat a escala mundial. La fibril-lacio
auricular (FA) és una arritmia cardiaca freqlient amb una prevalenga de I'1-4% en la poblacio
general. Aquesta augmenta per 5 el risc a patir un ictus isquémic i a més pot ser una de les causes
subjacents rere un gran nombre d'ictus criptogénics/ESUS. En preséncia d'aquesta arritmia la
terapia anticoagulant pot reduir el risc d'ictus. No obstant aixo, la FA sovint es presenta de forma
asimptomatica i paroxistica, fet que en dificulta la seva deteccid. A més, la FA també s'ha postulat
com una causa d'infarts silents (IS), fins i tot en casos de FA considerada de baix risc embolic
segons les escales cliniques CHADS; i CHA,DS,VASc. La deteccié d’IS es podria considerar una
manifestacid inicial de la malaltia cerebrovascular que requereix la implementacio d'estrategies

de prevencié en aquests pacients.

Els biomarcadors sanguinis podrien ser eines Utils en el diagnostic i maneig de la FA gracies a la
n p— . Jny " , . . .z
memoria biologica" que presenten. A més, els biomarcadors ens poden donar informacié sobre
la patofisiologia de la FA i la seva relacid amb la patologia cerebrovascular. Malgrat que s'han
proposat multiples molécules candidates en aquest context, de moment cap d'aquestes s'utilitza

en la practica clinica.

Aquesta tesi doctoral té I'objectiu d'identificar biomarcadors sanguinis de FA i descriure la seva
aplicacié en contextos de prevencio primaria i secundaria de I'ictus. Amb aquest objectiu s'han
utilitzat mostres de sang de pacients inclosos en tres cohorts, les quals sén representatives de
diferents indicacions com és el diagnostic de FA en poblacions asimptomatiques i en ictus
criptogénics, o la deteccid d'IS en pacients amb FA. Els estudis que integren aquesta tesi han

avaluat I'Us de biomarcadors ja descrits en la bibliografia en aquestes indicacions cliniques.

Com a resultat, hem evidenciat que per si sols els biomarcadors estudiats no sén capagos de
detectar casos de FA paroxistica en pacients asimptomatics, reduint-ne el potencial com a eines
de cribratge poblacional. Tanmateix, la seva combinacié amb dispositius de deteccié rapida
com MyDiagnostick o WatchBP s'hauria d'explorar. En canvi, en prevencid secundaria,
tant BNP com NT-proBNP sén predictors de FA detectada durant el primer mes després d'un
ictus criptogenic, amb resultats lleugerament millors pel que fa a BNP. En ambdues situacions,
pel que fa a la deteccid de FA, els péptids natriurétics sén els candidats que han mostrat millors
resultats. La seva combinacié amb biomarcadors representatius d'altres vies com pot ser Ang-2,

marcador de dany endotelial, podria augmentar-ne la capacitat diagnostica. D'altra banda, Ang-
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2, juntament amb BMP-10 i FGF-23 presenten nivells més elevats en pacients amb FA de baix risc

embolic i IS respecte a pacients sense infarts.

Finalment, hem realitzat estudis de descobriment de nous biomarcadors que poguessin
complementar els que ja estan descrits utilitzant una plataforma protedmica basada en
els aptamers de DNA. Aquests estudis ens han permés identificar i explorar proteines i vies que
podrien ser rellevants en la patofisiologia de la FA. D'aquests, cal destacar, DPP7 com a possible
biomarcador d'etiologia de I'ictus. A més, hem proposat una nova aproximacié per descobrir
nous biomarcadors i vies en aquest context, tenint en compte el concepte de cardiomiopatia

atrial i usant parametres ecocardiografics.

En conjunt, els resultats d'aquesta tesi contribueixen en una visié aplicada de I'ds dels
biomarcadors sanguinis en el maneig de la FA. En un futur, alguns d'aquests marcadors es
podrien implementar en la practica clinica per tal de millorar les estrategies de prevencio de

l'ictus.
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ABSTRACT

Stroke is one of the main causes of death and disability worldwide. Atrial fibrillation (AF) is a
common cardiac arrhythmia with a prevalence of 1-4% in the general population. It increases
the risk of ischemic stroke by 5 and may also be one of the underlying causes of many cryptogenic
strokes/ESUS. In the presence of this arrhythmia, anticoagulant therapy may reduce the risk of
stroke. However, AF is often asymptomatic and paroxysmal, difficulting its detection. In addition,
AF has also been postulated as a cause of silent brain infarts (SBI), even in AF considered of low
embolic risk according to the CHADS, and CHA,DS,VASc clinical scores. Detection of SBI could be
considered an initial manifestation of cerebrovascular disease, requiring the implementation of

prevention strategies in these patients.

Blood biomarkers could be useful tools in the diagnosis and management of AF thanks to their
"biological memory". In addition, biomarkers can give us information about the pathophysiology
of AF and its relationship to cerebrovascular pathology. Although multiple candidate molecules

have been proposed in this context, none of them are currently used in clinical practice.

This Doctoral Thesis aims to identify blood biomarkers of AF and describe its application in
contexts of primary and secondary stroke prevention. For this purpose, we used blood samples
from patients included in three cohorts representing different clinical indications, such as the
diagnosis of AF in asymptomatic populations and cryptogenic strokes, or the detection of SBI in
patients with AF. Therefore, the studies of this thesis have evaluated the use of biomarkers

already described in the literature in these clinical indications.

As a result, we have shown that the biomarkers studied were not able to detect cases of
paroxysmal AF alone in asymptomatic patients, reducing their potential as population-based
screening tools. However, its combination with rapid AF detection devices such as MyDiagnostick
or WatchBP should be explored. In contrast, in secondary prevention, both BNP and NT-proBNP
were predictors of AF detected during the first month after a cryptogenic stroke, with BNP
showing slightly better results. In both cases, in terms of the detection of AF, natriuretic peptides
were the candidates showing the best results. Its combination with biomarkers from other
pathways such as Ang-2, marker of endothelial damage, could increase its diagnostic capacity.
On the other hand, Ang-2 along with BMP-10 and FGF-23 showed higher levels in patients with

low-risk AF and SBI in comparison to patients without SBI.

we



Finally, we conducted discovery biomarker studies using a proteomic platform based on the
technology of DNA aptamers in order to identify new biomarkers that could complement those
already described. These studies have allowed us to identify and explore proteins and pathways
that could be relevant in the pathophysiology of AF. Of these, DPP7 should be further explored
as a possible biomarker of stroke etiology. In addition, we have proposed a new approach to
discover new biomarkers and pathways in this context, taking into account the concept of atrial

cardiomyopathy and using echocardiographic parameters.

Overall, the results of this thesis contribute to an applied view of the use of blood biomarkers in
the management of AF. In the future, some of these markers could be implemented in clinical

practice in order to improve stroke prevention strategies.
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ABREVIATURES

ACOD anticoagulants orals d’accié directa
AHRE atrial high-rate episodis

AIT accident isquemic transitor

Ang-2 Angiopietin-2

ANP péptid natriuretic auricular o tipus A
AUC area under the curve

BMP-10 bone morphogenic protein 10

BNP péptid natriurétic tipus B

CNP péptid natriuretic tipus C

DKK3 Dickkopf related protein 3

ECG electrocardiograma

ELISA Enzyme-Linked ImmunoSorbent Assay
ESC, European Society of Cardiology
ESM-1 Endothelial cell-specific molecule 1
ESUS Embolic stroke of undetermined source
FA fibril-lacié auricular

FC fold-change

FDR false discovery rate

FGF-23 fibroblast growth factor 23

GDF-15 growth differentiation factor 15

GWAS genome wide association studies

IDI integrated discriminatory index

IGFBP7 Insulin-like growth factor-binding protein 7
IL-6 Interleukin-6

IS ictus silent

LAVI left atrial volume index
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Lp(a)
Lp-PLA2
MR-proANP
NIHSS
NT-proBNP
OMS

OR

PALS

PEA

POC

PPG

PTFV1

RM

rt-PA

SRA

TC

TNK
TOAST

USPSTF

lipoproteina a

fosfolipasa A2 associada a la lipoproteina
Midregional pro-atrial natriuretic peptide,
National Institute of Health Stroke Scale
N-terminal pro natriuretic peptide
Organitzacié mundial de la salut

odd ratio

peak atrial longitudinal strain

proximity extension assay

Point of Care

fotopletismografia

P-wave terminal force in lead V1
ressonancia magnetica

recombinant tissue plasminogen activator
Stroke Risk Analysis

TAC craneal

tenecteplasa

Trial of Org 10172 in Acute Stroke Treatment

United States Preventive Services Task Force
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Introduccio

1.1. LUictus

1.1.1. Epidemiologia i aspectes clinics
L’ictus o malaltia cerebrovascular es defineix com un déficit neurologic degut a una lesié focal

aguda del sistema nervids central produida per una causa vascular.!

L’Organitzacié Mundial de la Salut (OMS) calcula que 15 milions de persones pateixen un ictus
anualment, de les quals 5 milions moren i 5 milions pateixen discapacitats permanents. De fet,
segons estadistiques recents, l'ictus és la malaltia que causa més morts i discapacitats en
poblacié adulta a escala mundial, després de I'infart de miocardi.? A Espanya, I'ictus també és la
segona causa de mort i la primera en dones, amb una incidencia de 187 casos per cada 100.000
habitants, similar a la d’altres paisos europeus.>* A més, el cost econdmic de la malaltia és molt
elevat, causant uns costos directes de 20 bilions d’euros en la unié europea, mentre que s’estima

que els costos indirectes s’eleven a 25 bilions més.*

Segons la naturalesa de I'alteraciod vascular causant, I'ictus es classifica en isquémic o hemorragic,
amb una proporcié aproximada del 80% i el 20%, respectivament. L’ictus isquémic es caracteritza
per la interrupcio de la circulacié sanguinia en una zona del cervell a causa de I'oclusié d’un vas;
mentre que I’"hemorragic es produeix per I'extravasacio de sang dins la cavitat cranial, secundaria
a la ruptura d’un vas sanguini.® La present tesi se centra en I'estudi de I'ictus isquémic i per tant

d’aqui en endavant s’utilitzaran els termes ictus i ictus isquemic indistintament.

Les manifestacions cliniques de 'ictus variaran depenent del territori afectat, pero entre les més
freqlients trobem I'alteracioé del llenguatge (afasia), la pérdua de forga i sensibilitat d’un costat
del cos (hemiparesia, hemihipoestesia), la pérdua de visi6 (hemianopsia) i el vertigen, entre
d’altres. S’han descrit diverses escales prehospitalaries per identificar els pacients que pateixen
un ictus considerant alguns dels simptomes anteriors, com la Cincinnati Pre-Hospital Stroke Scale
(SPSS) o la Face Arm Speech Time (FAST).® A Catalunya, com adaptacié de I'escala FAST, es va
dissenyar I'eina RAPID (Riu, Aixeca els bragos, Parla, Ictus, De pressa), que permet identificar

quadres clinics sospitosos d’ictus a la vegada que sensibilitzar i conscienciar la poblacid.”

Davant la sospita d’un ictus, el diagnostic confirmatori es realitza principalment per proves de
neuroimatge, com la tomografia computada o la ressonancia magnética cranial. Aquestes son de
vital importancia per excloure lesions d’origen no vascular amb simptomatologia similar
(anomenades ictus/stroke-mimics), aixi com diferenciar els ictus isquémics dels hemorragics.®

L’estat neurologic del pacient i la gravetat del dany cerebral s’avalua mitjangant escales com la

°
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Introduccio

NIHSS (National Institute of Health Stroke Scale) que amb 15 items atorga una puntuacié entre 0

i 42 punts, sent més greus els ictus amb major puntuacié.?

Actualment, un cop diagnosticat I'ictus isquémic, I’Unic tractament farmacologic aprovat en la
fase aguda és el tractament trombolitic mitjancant I'activador tissular del plasminogen
recombinant (rt-PA), que es pot administrar intravenosament sempre que no s’hagin superat les
4,5 hores després de I'aparicié dels primers simptomes.® Aquest farmac catalitza la conversié del
plasminogen a plasmina, que a la vegada degrada la fibrina, component principal dels coaguls
sanguinis. De tota manera, la reduida finestra terapéutica, aixi com les nombroses
contraindicacions d’aquest tractament, limita el nombre de pacients que se’n poden beneficiar.
En els Ultims anys s’ha proposat la tenecteplasa (TNK) com a alternativa al rt-PA. De fet, en un
meta-analisis recent es va observar que els pacients amb oclusions de gran vas tractats amb TNK

obtenien millor prondstic i tasses de recanalitzacié que aquells tractats amb rt-PA.1°

Per altra banda, I'Us de la trombectomia mecanica per extreure trombes de grans vasos, ha
augmentat en els Ultims anys, des de la realitzacié dels primers assaigs clinics que en van
demostrar la seva eficacia.l* Aquestes intervencions permeten augmentar la finestra terapéutica

fins a les 24 hores, perd només es poden realitzar en centres especialitzats.?

Tot i les eines actuals, un 15% de pacients que pateixen un ictus moren durant I'estanca
hospitalaria,’® i dels supervivents, s’estima que després de 15 anys, un 63% viuen amb algun
tipus de discapacitat.'* Per aquest motiu, és de gran importancia disminuir la incidéncia
d’aquesta malaltia actuant sobre factors de risc modificables o potencialment modificables que
s’ha calculat que sén responsables del 90% del risc d’ictus.’> Alguns dels factors de risc
modificables més importants relacionats amb l'ictus son la hipertensid, la diabetis, I'obesitat i
I'estil de vida (vida sedentaria, dieta i consum d’alcohol i tabac); i també malalties cardiaques
com la fibril-lacié auricular (FA), de la qual en parlarem amb detall més endavant.!> A més, cal
destacar que entre un 25 i un 30% dels ictus es produeixen en pacients que ja n’han patit un. Per
tant, I'estudi etiologic per establir la causa subjacent de I'ictus i 'adequada prevencid secundaria

son essencials per reduir-ne les recurréncies.*®

1.1.2. Etiologia del ictus isquemic

Existeixen diversos sistemes de classificacid que separen l'ictus isquemic en diferents grups
segons quina en sigui la causa de I'oclusié vascular.’ El sistema TOAST (Trial of Org 10172 in

Acute Stroke Treatment), descrit I'any 1993, és el sistema més utilitzat. Aquest es basa en les

10



Introduccio

caracteristiques cliniques, aixi com els resultats de les proves de neuroimatge (TC o RM), i altres
tests diagnostics (electrocardiograma, ecocardiografia cardiaca, estudi d’ultraso de les artéeries
extra-cranials i, angiografia, entre d’altres), per dividir els ictus isquemics en els segients
subtipus: ictus aterotrombotic (23%), cardioembolic (22%), lacunar (22%), altres causes
conegudes (3%), i ictus d’etiologia indeterminada (26%).!® Entre paréntesis es mostra el
percentatge de pacients atribuible a cada subtipus segons dades d’'un meta-analisis recent, pero,
s’ha de tenir en compte que els percentatges varien molt depenent de la poblacié estudiada. En
poblacié caucasica l'ictus cardioembolic és el més freqilient actualment (28%), degut sobretot a
I’envelliment de la poblacié, mentre que en poblacié asiatica hi ha un percentatge més alt d’ictus
aterotrombotics (33%).1° Els sistemes SSS-TOAST (Stop Stroke Study TOAST)? i CSS (Causative
Classification System)*! sén actualitzacions del TOAST original tenint en compte avancos clinics i
en técniques d’imatge. Els dos sistemes estan compostos per les mateixes cinc categories amb
I'afegit que a cada categoria s’assignen tres possibles graus de causalitat: evident, probable o
possible. Per altra banda, les classificacions ASCO (Atherosclerosis, Small vessel disease, Cardiac
pathology, and Other causes)?, i ASCOD (Atherosclerosis, Small vessel disease, Cardiac
pathology, Other causes, and Dissection)?® son sistemes fenotipics, i, a diferéncia dels sistemes
de classificacié anteriors, que caracteritzen Unicament la causa més probable de I'ictus, aquests
descriuen totes les patologies que presenta el pacient que poden potencialment ocasionar un
ictus. Tot i que aquestes Ultimes puntuacions sGn més precises, la simplicitat dels criteris TOAST

fa que aquest continui sent el sistema més popular i ampliament usat.

1.1.2.1.Ictus cardioembolic
L’ictus cardioembolic es produeix per un coagul sanguini originat al cor que viatja a través de la

circulacid arterial fins a causar una obstruccié en una artéria cerebral. Hi ha tres mecanismes
principals pels quals es pot produir un embolisme del cor al cervell: estasi sanguinia i formacio
d’un coagul en una de les cavitats esquerres del cor, despreniment de material d’'una superficie
valvular anormal, o I'alteracié del pas de circulacié venosa a la circulacié arterial (embolisme
paradoxal). En aquests mecanismes també influeixen factors protrombotics i inflamatoris.
Majoritariament, els ictus cardioembolics afecten el territori cortical. A més, son ictus més greus
i invalidants en comparacid a altres subtipus, ja que freqlientment afecten grans artéeries deixant
sense irrigacid territoris més grans.?* Un gran nombre d’afectacions cardiaques presenten
potencial embolic. La FA és la causa més comuna d’ictus cardioembolic i es tractara en
profunditat en els proxims apartats. Altres fonts cardioemboliques importants sén la

insuficiencia cardiaca congestiva amb fraccié d’ejeccié reduida, I'infart de miocardi recent,
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protesis valvulars mecaniques, i 'endocarditis, entre d’altres.?® L’anticoagulacio oral és |a terapia

d’eleccid per a la prevencié secundaria de la majoria de causes d’ictus isquémic cardioembolic.”

1.1.2.2. Ictus aterotrombotic
L'ictus aterotrombotic, també anomenat ictus per aterosclerosis de grans vasos, es pot produir

per I'estenosi i/o oclusié de les artéries intra o extra cranials a causa de I'acumulacié de placa
d’ateroma. A part de 'oclusié in situ degut a la complicacié trombotica d’una placa d’ateroma,
aquestes plaques es poden trencar, despendre’s i produir un @mbol que obstrueixi una artéria
distal. A més, en casos d’estenosis greus, es poden produir descensos importants de la pressié
de perfusio cerebral desencadenant el que es coneix com a infarts hemodinamics. Segons la
classificacié TOAST un ictus és aterotrombotic quan una gran artéria mostra un percentatge
d’estenosis superior al 50%, presumptament degut a I'aterosclerosi. Aquesta estenosi s’ha de
poder demostrar amb proves diagnostiques com I'ecografia-Doppler, I'angio-RM, o el angio-TAC,
i s’han d’haver descartat les principals causes cardioemboliques.'® El tractament dels factors de
risc vascular, I'antiagregacid i els tractaments revascularitzants com |’endoarteriectomia, o
I’'angioplastia en alguns casos, sén les opcions de prevencié secundaria més freqlients en I'ictus

aterotrombotic.”

1.1.2.3. Ictus llacunar
Com a ictus llacunar es classifiquen els infarts petits (menor de 1,5 cm de diametre) provocats

per I'oclusié d’arteries perforants del cervell i les seves ramificacions. Els pacients normalment
manifesten sindromes llacunars tipics (hemiparesia motora pura, sindrome sensitiva pura,
sindrome sensitivomotora, hemiparésia-ataxia i/o disartria ma feixuga). La microateromatosi i la
lipohialinosis de les artéries perforants cerebrals, sovint conseqiiéncia de I’exposicio constant a
la hipertensié arterial, constitueixen els substrats patologics més freqlients d’aquest tipus
d’infarts.?® Alguns d’aquests ictus poden haver passat desapercebuts degut a 'abséncia de

simptomes i constitueixen el que es coneix com a ictus silents (IS).

1.1.2.4. Ictus per altres causes conegudes
En aquesta categoria s’inclouen pacients amb causes poc freqients un cop s’han descartat les

etiologies anteriors. En aquest grup s’inclouen arteriopaties diferents de I'arteriosclerotica
(vasculitis, disseccio arterial, displasia fibromuscular, aneurisma sacular, malformacié
arteriovenosa, trombosi venosa cerebral, malaltia de Moya-Moya, sindrome de Sneddon...), i
alguns trastorns sistémics com la migranya, connectivopaties, neoplasies, processos infecciosos,
o trastorns de la coagulacid, entre d’altres. En aquest grup, el tractament de prevencié

secundaria dependra de la causa especifica.’
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1.1.2.5. [ctus d’etiologia indeterminada/ESUS
Els ictus d’etiologia indeterminada o criptogenics comprenen un grup heterogeni de pacients en

els quals la causa de l'ictus és desconeguda. En aquest grup, i segons la classificacid TOAST,
s’inclouen pacients en els quals no s’ha identificat cap causa tot i una extensiva avaluacié clinica,
els que I’avaluacid clinica no ha estat completa, o aquells en que s’han identificat dues o més
causes potencials.’® Aquesta entitat diagnostica té poca utilitat cinica ja que és un grup molt
ampli i variable depenent dels circuits diagnostics de cada hospital.

Sota la premissa que la majoria d’ictus criptogenics eren embolics, el 2014 es va proposar el
constructe d’ictus embolic d’origen indeterminat (ESUS, de l'anglés Embolic stroke of
undetermined source). Els ESUS son ictus no lacunars en els que després d’una avaluacio
diagnostica suficient s’han descartat les principals causes cardioemboliques, la aterosclerosis
extra o intra cranial, aixi com qualsevol altra causa especifica d’ictus.?’ La freqiiéncia reportada
d’ESUS es troba al voltant del 17%, tot i que pot variar entre el 9 i el 25% depenent de I'estudi.
Els pacients amb ESUS son més joves i tenen una prevalenca més baixa de factors de risc
cardiovascular en comparacid a altres etiologies.?®

La hipotesi que la causa subjacent d’una gran part d’ESUS podria ser la FA oculta va ser la base
per dissenyar assaigs clinics comparant I'anticoagulacié oral directa amb I'antiagregacio
plaquetaria en aquesta poblacid.2®3° L'estudi NAVIGATE ESUS, que comparava l'eficacia i
seguretat del farmac rivaroxaban versus I'aspirina, va ser aturat precocment degut a un augment
del risc de sagnat en el grup que prenia rivaroxaban. Posteriorment, en I'analisi d’eficacia, es va
demostrar que el tractament amb rivaroxaban no disminuia les taxes de recurréncia d’ictus.3!
Per altra banda, el RE-SPECT ESUS comparava I's de dabigatran versus aspirina. Tot i que aquest
assaig va demostrar que el dabigatran no incrementava el risc d’hemorragies importants en
comparacié amb I'aspirina en pacients amb ESUS, tampoc es van trobar diferencies pel que fa a
I'eficacia entre els dos grups.3?

Els resultats negatius dels assaigs NAVIGATE i RE-ESPECT han fet que en els ultims anys alguns
autors hagin qlestionat la utilitat del constructe ESUS, i que remarquin la necessitat d’estudis
diagnostics més exhaustius en aquests pacients per determinar la causa definitiva de I'ictus.3®3
A més, tot i que aquests assaigs no van permetre demostrar I'eficacia dels anticoagulants orals
en tots els pacients amb ESUS, subanalisis posteriors indiquen que alguns subgrups (ex. pacients

amb edat avancada o amb auricula dilatada) es podrien beneficiar d’aquests tractaments.3>3¢
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1.2. La fibril-lacié auricular

1.2.1. Epidemiologia i aspectes clinics

La fibril-lacié auricular (FA) és una taquiarritmia supraventricular amb activacié auricular
descoordinada que com a conseqiieéncia provoca una contraccié auricular ineficag. En un
electrocardiograma (ECG) es caracteritza per intervals R-R irregulars amb abséncia de ones P i
activacions auriculars irregulars (Figura 1). Segons les guies de la societat europea de cardiologia
(ESC, de I'anglés European Society of Cardiology), per tal de diagnosticar una FA cal un tragat

electrocardiografic valorable on s’aprecii un episodi de duracié superior als 30 segons.3’

Fibril-lacié auricular

Ritme sinusal

Figura 1: ECG tipic de fibril-lacié auricular en comparacié a un ECG en ritme sinusal (Adaptada de Lip et al,
2016).38

La FA és una de les arritmies cardiaques més freqlients, amb una prevalenca de I'1-4% de la
poblacié general. Aquesta augmenta amb I’edat afectant fins al 10-20% de la poblacié major de
80 anys.3%4% A més, a conseqiiéncia de 'augment de I'esperanca de vida s’espera que el nombre
d’individus afectats per FA augmenti de forma exponencial durant els proxims anys, constituint
un important problema de salut public.*! A part de I'edat, el sexe masculi, el consum d’alcohol i
tabac, i algunes comorbiditats com la hipertensid, la diabetis, I'obesitat, la insuficieéncia cardiaca
i la insuficiéncia renal, entre d’altres, sén considerats factors de risc de FA.38

La FA augmenta per 5 el risc de patir un ictus isquémic i també s’associa a un risc augmentat de
patir insuficiéncia cardiaca, deméncia o mort.*? Fatiga, palpitacions i/o dispnea sén alguns dels
simptomes que poden presentar els pacients amb FA, pero moltes vegades els simptomes sén
inexistents i la FA és diagnosticada de forma casual quan es realitza un ECG de rutina, o després
que hagi aparegut alguna de les seves complicacions, com pot ser un ictus. Un cop detectada, la

FA es classifica depenent de la duracié dels episodis en els segiients grups:3’
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e  Paroxistica: FA que desapareix espontaniament o gracies a una intervencié en menys
de 7 dies.
e Persistent: FA que es presenta de forma continuada durant més de 7 dies.
e Persistent de llarga duracié: FA que es presenta de forma continuada durant més d’un
any.
e Permanent: FA com a ritme establert després de desestimar els tractaments per
controlar el ritme cardiac.
Les categories anteriors corresponen al que s’anomena FA clinica. Per altra banda, existeixen els
episodis auriculars d’alta freqtiencia (AHRE, de I’anglés high-rate episodis), que sén episodis curts
i asimptomatics detectats arran del monitoratge cardiac prolongat amb marcapassos o
dispositius implantables, i que constitueixen el que anomenem FA subclinica en cas de ser
confirmats. Tot i que aquest tipus de FA és molt comu no esta clar la seva significanca clinica ni
existeix evidéncia de quina és la millor estratégia de maneig en aquests pacients.*®
A part d’utilitzar la categoritzacié presentada fins al moment, en els casos en que es duen a terme
monitoratges continuats, la carrega de FA que presenta un individu es pot definir de forma
quantitativa, utilitzant variables com la duracié de I'episodi més llarg, el nombre d’episodis, o la
proporcié de temps que un individu es troba en FA.* Alguns estudis indiquen que la carrega de
FA podria estar relacionada amb el risc embolic, perd actualment aquesta relacié no esta ben
caracteritzada ni se sap si existeix algun llindar per sobre del qual el risc augmenta.**® Cal
destacar també que la FA no és una malaltia estatica i pot progressar amb el temps, de formes
amb menys, a formes amb més, carrega de FA.*’
El tractament de la FA en general es basa en 3 pilars: la prevencié de I'ictus (amb tractament
anticoagulant quan sigui necessari), el control dels simptomes (amb I'Gs de medicaments i
tecniques per controlar i restaurar el ritme i la freqlieéncia cardiaca), i el control dels factors de
risc cardiovasculars i malalties concomitants. En anglés, aquest enfoc integral rep el nom
d’estrategia ABC: A de “Anticoagulation/avoid stroke”, B de “better symptom management” i C
de “cardiovascular/comorbidities risk factor management” 3’ Pel que fa a la prevencié de l'ictus,
els anticoagulants redueixen més d’un 60% el risc de patir un ictus, mentre que el tractament
amb antiplaquetaris Gnicament redueix un 20% aquest risc.*® Els antagonistes de la vitamina K
van ser els primers anticoagulants utilitzats en pacients amb FA, pero recentment, els
anticoagulants orals d’acci6 directa (ACODs) han demostrat ser una bona alternativa. Aquests
Ultims, a part de necessitar un control menys exhaustiu, han mostrat una major efectivitat i

seguretat en la prevencié dels embolismes,*® i una reduccié del risc d’hemorragia cerebral. De
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totes maneres, el tractament amb anticoagulants comporta un risc intrinsec d’hemorragia. Es
per aquest motiu que abans d’iniciar-lo es realitza una valoracio del risc de cada pacient de forma
individualitzada. Hi ha diferents factors que s’associen al risc tromboembolic i la seva combinacid
ha generat escales d’estratificacid del risc per tal d’identificar pacients candidats a terapia
anticoagulant. Les escales més usades actualment son les puntuacions CHADS; i la puntuacié
CHA,DS,-VASc (Taula 1).°%°! Un CHADS,22 o un CHA;DS,-VASc >2 (o >3 en cas de dones) es

considera d’alt risc i en aquests pacients es recomana el tractament anticoagulant.?’

Factor de risc Puntuacio atorgada Puntuacio atorgada

Escala CHADS; Escala CHA,DS,-VASc
C Insuficiéncia cardiaca congestiva 1 1
H Hipertensié 1 1
A Edat 275 anys 1 2
D Diabetis mellitus 1 1

Ictus/accident isquémic transitori
S . 2 2
(AIT) previ

\Y Malaltia vascular periférica - 1
A Edat 65-74 anys - 1
Sc Sexe femeni - 1
Puntuacié maxima 6 9

Taula 1: Escala CHA;DS,-VASc.

Les abreviacions de I'esquerre fan referéencia a les inicials en anglés dels diferents factors de risc que donen nom
aquesta puntuacio: C (congestive heart failure), H (hypertension), A (age>75 years old), D (diabetes mellitus), S (stroke),
V (vascular disease), A (age 65-74 years), Sc (sex category female).

1.2.2. Fisiopatologia de la FA

La FA és una arritmia complexa que es produeix quan anomalies estructurals i/o
electrofisiologiques alteren el teixit auricular promovent la formacié d’impulsos eléctrics i/o la
seva propagacio. Aquestes anomalies sén causades per multiples mecanismes patofisiologics. A
més, la mateixa FA pot provocar un remodelat electric i estructural del cor de manera que la FA
genera FA (concepte conegut en anglés com “AF begets AF”) (Figura 2).4

L’evolucid de la malaltia és progressiva. En els pacients joves els casos de FA sén escassos i
predominen les causes genétiques de FA (com mutacions i variants géniques en els canals ionics
i de transport). Amb I’envelliment, les fonts focals i els substrats de reentrada esdevenen més
importants i també augmenta la prevalenca de la remodelacié induida per malalties
cardiovascular subjacents. A més, els episodis de FA generen més remodelacio tot i que aquesta

és parcialment reversible en cessar I'arritmia (Figura 3).52
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Factors extracardiacs

Hipertensid, obesitat, apnea Angma.lie.s auﬁc_ula_rs .es_tructu!'als Inflamacié
del son, alcohol/drogues, Fibrosis, dllata.clo, isquémia, infiltracio, Estrés oxidatiu
hipertiroidisme... hipertrofia...
Activacié del sistema renina-
[: Variants genétiques angiotensina-aldosterona (RAAS) ]
Canelopaties i cardiomiopaties
Anomalies auriculars eléctriques

“MHeterogeneitat, |, Conduccid Activacié del sistema nerviés ]

L Duracié potencials d'accié/periodes autdnom

refractaris, T Activitat espontania,

Maneig anomal del Ca* intracel-lular...

Figura 2: Mecanismes involucrats en el desenvolupament i manteniment de la FA (Adaptada de January et

al, 2014).22
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Figura 3: Historia natural de la FA (Adaptada de Nattel et al, 2014).>2
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1.2.3. Relacié entre la fibril-lacid auricular i I'ictus

Els mecanismes fisiopatologics pels quals en els pacients amb FA es produeix un estat
protrombotic que predisposa a l'ictus es poden explicar amb I'anomenada triada de Virchow. Fa
més d’'un segle Rudolf Virchow va descriure tres mecanismes principals involucrats en la
formacié de trombes que es poden aplicar en el context de la FA (Figura 3):>3

e Anomalies en la circulacid sanguinia: En la FA, I'absencia de sistoles auriculars
completes produeix una disminucié de la velocitat del flux sanguini, anomenada estasi.
L’estasi sanguinia facilita la formacié de trombes a causa de I'agregacié d’eritrocits i pot
afectar I'activitat normal d’alguns components de la cascada de la coagulacié.

e Anomalies en els components sanguinis: L’activacio de la cascada de coagulacid, una
major reactivitat plaquetaria, o una fibrinolisi alterada poden produir un estat
d’hipercoagulabilitat en la FA.

e Anomalies en les parets dels vasos: En la FA es produeixen canvis estructurals de
I"auricula que poden predisposar a I'estasi sanguinia. A més, també es produeix una

disfuncid endotelial que contribueix a I'estat protrombotic.

Canvis
estructurals

Orelleta
esquerra

/
® v%/ sistole auricular
“atrial kick”
| Tromboembolisme i ictus ‘

® .
@ Estasi Jvelocitat del
, flux sanguini
°
rompbina
( J
® ®
PMibri
Hlpercoagulab|lltat

1 factor-4 %
plaguetari [3 tromboglobulina Teiy

“Mactivacié plaquetaria

Auricula esquerra P

nflamacio

Figura 4: Components de la triade de Virchow que expliquen I'estat protrombotic en la FA i la

cardiomiopatia atrial (Adaptada de Yew Ding et al, 2020).53
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Tots aquests mecanismes faciliten que es formin coaguls, especialment en I'auricula esquerra i
I'orelleta auricular esquerra, una estructura anatomica en forma de sac que es troba en la paret
de l'auricula esquerra. El posterior despreniment d’aquests coaguls i embolitzacié a través de
I'aorta cap a la circulacié cerebral pot provocar un ictus de tipus cardioembolic.

Per altra banda, en els Ultims anys, s’esta qliestionant el paper de la FA en la causalitat de I'ictus,
i s’esta donant més pes a la hipotesi que la FA podria ser un marcador d’una patologia subjacent
anomenada cardiomiopatia atrial, que per si sola podria augmentar el risc a ictus a través
d’alguns dels mecanismes mencionats anteriorment.>* La dissociacié temporal entre els episodis
de FA i I'aparicié d’ictus dona suport a aquesta teoria.>>>® La cardiomiopatia atrial es defineix
com qualsevol canvi en I'estructura, arquitectura o contractilitat de I'auricula amb el potencial
de produir manifestacions cliniques rellevants.>” Tot i que actualment no existeix un criteri
estandard per diagnosticar la cardiomiopatia atrial, es poden utilitzar varies técniques i
marcadors per avaluar-ne la presencia. Algunes metodologies proposades sén el ECG, amb
parametres com la forga terminal de la ona P en la derivacié V1 anormal (PTFV1, de I'anglés P-
wave terminal force in lead V1) o la preséncia de taquicardies supraventriculars paroxistiques; la
evaluacio ecocardiografica de I'auricula esquerra, amb parametres com el volum, el diametre o
el strain auricular; el mapatge del voltatge cardiac; els biomarcadors sanguinis, o la ressonancia

magnética cardiaca.’®>°

1.2.4. Infart cerebral silent i FA

Els IS es defineixen com infarts cerebrals detectats de forma casual en proves de neuroimatge
en absencia de simptomes neurologics referits a la zona corresponent. Segons estudis
epidemiologics, s’estima que la prevalenga d’aquestes lesions en la poblacié general és d’entre
el 10-20%, i la seva presencia s’ha relacionat amb un augment del risc d’ictus simptomatic, aixi
com de deteriorament cognitiu, alteracions psiquiatriques i mortalitat. Per aquest motiu, els IS
es podrien considerar com un factor de risc, o una manifestacié inicial de la malaltia

cerebrovascular, en lloc d’'una troballa incidental 526!

La prevalencga de IS en pacients amb FA és major en comparacio a la de pacients sense FA, i per
tant, la FA s’ha proposat com una possible causa de IS. Dades d’una revisid sistematica i
metanalisis incloent 9 estudis mostren que la preséncia de FA s’associa de forma independent al
risc de IS, independentment del tipus de FA (paroxistica, persistent o permanent).®> A més, un
percentatge significatiu de pacients amb FA i baix risc embolic segons les escales CHA,DS,-VASc/

CHADS; presenten IS si s’avaluen amb una RM d’alt camp (3T).%3
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Els IS s’"han proposat també com un dels mecanismes rere I’associacié que sembla haver-hi entre
la deméncia o deteriorament cognitiu i la FA.%* De tota manera, també podrien existir altres

mecanismes com els canvis en la perfusid cerebral o la inflamacié sistémica.®®

1.2.5. Cribratge de fibril-lacio auricular. Estrategies de prevencié primaria

La deteccid de FA abans que es produeixi cap simptoma i/o complicacié permetria iniciar
tractaments preventius amb el potencial de reduir ictus i morts. Estratégies de cribratge
poblacional permetrien augmentar les taxes de deteccié en aquesta fase prévia. De fet, la FA
compleix la majoria de criteris definits per la OMS que justifiquen la realitzacié d’un cribratge: es
tracta d’'un important problema de salut public, existeix un tractament, presenta una fase
66

asimptomatica, i existeixen tecniques per al seu diagnostic acceptables per part de la poblacié.

Hi ha dos tipus de cribratge:

e Elcribratge oportunista s’ofereix per part dels professionals sanitaris durant consultes
de rutina no relacionades amb la FA.

e El cribratge sistematic es dirigeix de forma generalitzada a una poblacié completa o
subgrup d’una poblacié. El reclutament de pacients es pot realitzar a través

d’invitacions dirigides o campanyes publicitaries.

S’han proposat i testat varies estratégies de cribratge en diferents poblacions, pero segueix sense
existir un consens clar sobre quina és la millor aproximacié.®¢” Actualment, I’ESC recomana el
cribratge oportunista en aquells pacients majors de 65 anys i declara que el cribratge sistematic
es pot considerar en aquells pacients majors de 75 anys.’ Per contra, la USPSTF (de I'anglés
United States Preventive Services Task Force) considera que no hi ha suficient evidéncia per
recomanar un cribratge a la poblacié major de 65 anys.%® Actualment, doncs, tot i I'existéncia
d’una conscienciacid generalitzada entre els professionals de la salut i altres actors claus de la
necessitat d’aplicar programes de cribratge, la implementacié d’aquests en els paisos europeus
és gairebé nul-1a.%° Algunes qiiestions fonamentals com quin o quins dispositius utilitzar, a qui
dirigir el cribratge i on realitzar-lo no estan resoltes (Figura 5).”%7! Durant els Gltims anys han
sorgit un gran ventall de dispositius i eines diagnostiques que permeten la deteccié de la FA.”?
Els dispositius més economics i senzills d’usar, alguns fins i tot pel mateix pacient, son aquells
gue permeten la deteccid puntual de la FA mitjancant técniques electrocardiografiques, o altres
tecnologies com I'oscil-lometria o la fotopletismografia (PPG). Per altra banda, es poden realitzar

monitoratges electrocardiografics prolongats amb dispositius no-invasius o implantables. La
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deteccid de casos de FA depen de I'estrategia de cribratge escollida, en concret, la capacitat de
diagnostic augmenta amb la duracié del monitoratge i la seva freqiiéncia.”®> A més, la seleccid
d’una poblacié d’alt risc en la que la incidencia de FA és major permetria optimitzar la relacié
cost-benefici d’un cribratge. En aquest sentit, alguns grups han desenvolupat models clinics per
identificar pacients amb alt risc de FA.7*7> Altres eines com I’is de biomarcadors sanguinis o

electrocardiografics podria ser util per seleccionar poblacions “enriquides” amb FA.

Oportunista ]

[ Estratégies de cribratge de FA ]7
4>[ Sistematic ]

Edat avangada

@ Factors de risc, models clinics

Biomarcadors sanguinis o electrocardiografics alterats

| Casos especials: cerca de FA despreés del ictus

dispositius ECG portatils tensiometres oscil-lométrics
@ Deteccié puntual aplicacions mobils (ex. tecnologia PPG)
Detecci6 continua Holters dispositus implantables
Atencid primaria
@ Farmacies
Al domicili pel propi pacient

Altres espais

Figura 5: Representacid dels punts principals del cribratge de FA. PPG: fotopletismografia.

Per ultim, I'efectivitat de les diferents estrategies de cribratge, no només en la deteccié de FA,
sin6 en la prevencié d’ictus isquémics no esta clara. En aquest sentit, recentment s’han publicat
els resultats dels seguiments de dos grans estudis aleatoritzats que testaven dues propostes de
cribratge: el STROKESTOP, i el LOOP. En els dos estudis, les taxes de FA i les prescripcions
d’anticoagulants van ser majors en el grup en el qual s’oferia el cribratge en comparacio al grup
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control. Tanmateix, tot i que en el STOKESTOP es va demostrar un benefici net en el seguiment
si es tenia en compte la mortalitat, el nombre d’ictus isquemics, hemorragies, i hospitalitzacions
de forma conjunta, cap de les dues estratéegies de cribratge va poder demostrar una reduccié en

el risc d’ictus i embolismes sistémics en comparacio al grup control.”®’” S’espera que I’estudi

SAFER tingui prou poténcia estadistica per resoldre aquesta qiiestié (Taula 2).78

Criteris Resultats
Estudi Mostra Disseny Intervencio
d’inclusio (endpoint principal)
ECG puntuals dos Ictus o embolisme arterial
STROKESTOP7® | N=28768 1:1 75/76 anys cops al dia durant (HR 0-80 [95% CI 0.61-
14 dies 1-05]; p=0-11)
70-90 anys +
Monitoratge Mortalitat, ictus,
hipertensio,
continu amb un hemorragies o embolisme
diabetis,
LOOP7? N=6004 1:3 dispositiu arterial
insuficiencia
implantable durant (HR 0.96 [95% CI 0.92—
cardiaca o
3 anys 1-00]; p=0.045)
ictus previ
ECG puntuals
SAFER”® N=126000 1:2 >75 anys quatre cops al dia En marxa
durant 3 setmanes

Taula 2: Resum dels principals assaigs clinics testant estrategies de cribratge de FA.

A part de totes les qliestions comentades fins al moment, a I’hora d’implementar un programa
de cribratge, també existeixen diferencies poblacionals. Cal destacar, que en la nostra comunitat,
més enlla d’algunes campanyes promovent la deteccié de FA,”® no s’ha testat cap altra estratégia

de cribratge.

1.2.6. Cerca de fibril-lacid auricular després d’un ictus. Estrategies de prevencio
secundaria

La cerca d’una possible FA oculta és especialment important després de patir un ictus o AlT, ja
que la FA asimptomatica és una de les causes ocultes més freqlients en els pacients amb ictus
criptogénic/ESUS. Depenent de la tecnologia utilitzada, les taxes de deteccié de FA en aquests
pacients varien, arribant a taxes de fins al 30% amb monitoratges cardiacs prolongats, com va

demostrar I'estudi CRYSTAL-AF.8%8! La deteccid de FA després d’un ictus és rellevant per la seva
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prevencidé secundaria, fins i tot si hi ha dubtes sobre si es tracta de la causa probable del ictus
index. Molts dels punts comentats en I'apartat anterior son també aplicables en la cerca de FA
després del ictus. Actualment, en les guies cliniques nacionals i internacionals es recomana el
seguiment electrocardiografic dels pacients amb ictus criptogénic. No obstant, a part de la
realitzacid d’'un ECG basal, no existeix un consens entre guies pel que fa a la duracié i el tipus de
monitoratges, aixi com a quins pacients s’haurien d’adrecar seguiments més prolongats.®? Les
indicacions més completes sén per part de la ESC, que recomana un monitoratge minim de 24
hores, prolongable sempre que sigui possible a 72 hores en tots aquells pacients amb ictus o AIT
sense FA coneguda. També considera que seguiments més llargs amb dispositius implantables o
monitors ECG no invasius es podrien considerar en pacients seleccionats.?” Quina és la millor
manera de seleccionar aquests pacients no esta clara. Alguns parametres ecocardiografics (ex.
volum de l'auricula esquerra o funcidé auricular), marcadors electrocardiografics (ex. excés
d’activitat ectopica supraventricular), o I'increment dels nivells d’alguns biomarcadors sanguinis
(ex. péptids natriurétics) prediuen la preséncia de FA i s’han proposat com a eines que podrien
guiar la seleccié de pacients a monitorar de forma prolongada després d’un ictus.®? A més, per
tal d’agilitzar I'analisi dels registres de ECG, existeixen eines que permeten analitzar de forma
automatitzades els monitoratges electrocardiografics continus com és el cas de la eina SRA (de
I’'anglés Stroke Risk Analysis). Aquesta eina s’esta comengant a implementar en alguns hospitals,
i, a part de permetre la deteccid de FA, també utilitza algoritmes de machine learning per
realitzar una estratificacid del risc segons el analisis del registre de ECG, sent capa¢ de predir

casos amb alt risc de FA.®3

Per altra banda, la generalitzacié dels monitoratges prolongats no esta demostrada. De fet,
I’estudi MonDAFIS, que comparava el monitoratge continu durant 7 dies versus els procediments
diagnostics habituals en unitats d’ictus alemanyes, va obtenir resultats neutres pel que fa a les

taxes d’anticoagulacié i reduccié d’ictus.®*

1.3. Biomarcadors sanguinis en l'ictus

Un biomarcador es defineix com una caracteristica mesurable de forma objectiva indicadora
d’un procés biologic normal o patogénic, o de resposta biologica a una intervencid, o exposicio.
En el concepte de biomarcador s’engloben caracteristiques fisiologiques, histologiques,
anatomiques, radiografiques o moleculars, entre d’altres.®> Els biomarcadors moleculars, sovint
de naturalesa proteica, es poden mesurar en multiples matrius biologiques, com pot ser la sang,

el liquid cefaloraquidi, lisats cel-lulars... En la present tesi ens centrarem en l'estudi de
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biomarcadors en sang, de gran interes gracies a la seva accessibilitat. Per tant, d’aqui en

endavant, ens referirem a aquest tipus quan parlem de biomarcadors.

Els biomarcadors sanguinis s’utilitzen en la practica clinica de moltes malalties, pero, de moment,
no s’ha implementat el seu Us en el maneig de I'ictus. Malgrat aixo, I'estudi dels biomarcadors
en el marc de l'ictus ha crescut en els Ultims anys i s’"han proposat alguns candidats que es
podrien usar durant el curs de la malaltia en un futur proxim. En aquest context, algunes de les
indicacions més importants en les que els biomarcadors podrien ser utils sén el diagnostic de
Iictus i la seva diferenciacié d’altres patologies amb simptomes clinics similars (mimics), la
diferenciacié dels ictus isquemics i hemorragics, la classificacié etiologica, i la prediccié del
prondstic i complicacions dels pacients, entre d’altres.®®” Tot i que per algunes d’aquestes
utilitats I'4s dels biomarcadors és encara preliminar, el diagnostic etiologic, en el qual ens
centrarem més endavant, és potser una de les indicacions en la que s’esta més a prop
d’aconseguir la translacid a la practica clinica, amb alguns assajos clinics en marxa que utilitzen

els peptids natriuretics.

Un bon biomarcador cal que tingui una bona capacitat predictiva. Aquesta es pot mesurar en
termes de sensibilitat (la capacitat d’identificar els positius verdaders, és a dir, aquells que
pateixen la malaltia o indicacié en questid), i especificitat (la capacitat d’identificar els negatius
verdaders, és a dir, aquells que no han desenvolupat la malaltia o indicacid). L'objectiu és obtenir
valors alts dels dos parametres, pero sovint, ambdues caracteristiques no sén assumibles per a
un sol marcador, i és per aix0, que I'agrupacié de dos o més marcadors en panells pot millorar
els resultats de biomarcadors individuals.?8 A més depenent del Us previst del biomarcador en
qlestio, sera prioritari comptar amb valors alts de sensibilitat o especificitat. Per exemple, en el
cas de la FA, un biomarcador amb alta sensibilitat permetria seleccionar pacients en els que
col-locar un dispositiu Holter, mentre que un biomarcador amb alta especificitat es podria

utilitzar per indicar un tractament anticoagulant.

1.3.1. Biomarcadors d’etiologia de I'ictus

Com s’ha comentat anteriorment, I'ictus és una patologia heterogenia i la correcta identificacié
etiologica té consequiencies en les estrategies de prevencié secundaria per evitar recurrencies.
Ja que els processos fisiologics i el substrat patologic varia entre els subtipus d’ictus, els
biomarcadors tenen potencial per millorar la classificacid etiologica dels pacients. En aquest
sentit, s’han explorat diferents biomarcadors amb relacié a les principals categories d’ictus
isquémic.
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En el cas de I'ictus cardioembolic, els péptids natriuréetics, marcadors de I'estrés cardiac, son els
candidats més estudiats i en parlarem en profunditat en la proxima seccid. Altres proteines
també s’han associat a l'ictus cardioembolic i a la presencia de FA, com poden ser altres
marcadors de dany cardiac, de dany endotelial, inflamatoris o de coagulacié, entre d’altres (Taula
3).8% A més, I'Gs d’alguns d’aquests biomarcadors, relacionats amb la FA, poden ser Utils en el
context de la prevencid primaria i el seu rol s’ha estudiat amb relacio a la incidencia de FA en

pacients asimptomatics.*°

Funcio Biomarcador

Péptids natriuretics: NT-proBNP, BNP, MR-proANP 91,2

Dany cardiac/estrés miocardi ]
Troponines %%

CRP %5
Inflamacié ) o .
Citoquines inflamatories: IL-6, IL-8, TNF-a
D-dimer °7-%8
Coagulacié
& VWEF %
Disfuncié endotelial sRAGE ¥’

Taula 3: Funcions i exemples d’alguns dels biomarcadors proteics més estudiats en relacio a I'ictus
cardioembolic i la fibril-lacié auricular.

Per altra banda, per l'ictus aterotrombotic s’han proposat alguns marcadors inflamatoris
associats a la aterosclerosis com la fosfolipasa A2 associada a la lipoproteina (Lp-PLA2) 1%, ola

lipoproteina a (Lp(a)).*®*

A part de marcadors proteics, en els ultims anys, i gracies a les técniques dmiques, s’han
comencat a explorar altres molécules mesurables en sang com poden ser els RNA circulants.8®
En aquest sentit, alguns estudis de transcriptomica han proposat panells d’expressié de RNA que

inclouen desenes de gens per identificar la causa més probable d’ictus.10%103

A més, gracies als estudis d’associacidé del genoma complert (GWAS, de I'anglés genome wide
association studies) també s’han identificat variants geniques de risc associades al ictus, i en
concret a algunes etiologies. En aquest sentit, I'estudi GWAS més gran realitzat fins al moment

és el de la iniciativa MEGASTROKE. En aquest estudi es van identificar 32 loci de risc a ictus, dels
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quals 22 van ser descrits de novo, i es van confirmar alguns loci associats a |’etiologia

cardioembolica com el de PITX2. 104

1.3.1.1 L’exemple dels péptids natriurétics
Els péptids natriuréetics sdn hormones cardiaques que regulen I’homeostasi dels fluids corporals

i sOn secretades en resposta a un augment de la pressié i el volum sanguini. Tenen funcions
natriurétiques, dilretiques i vasodilatadores. Existeixen tres tipus de peptids natriurétics: el
péptid natriuretic auricular o tipus A (ANP), el peptid natriurétic tipus B (BNP), i el peptid
natriurétic tipus C (CNP). Els tres comparteixen una estructura comuna en forma d’anell de 17
aminoacids. ANP i BNP son sintetitzats pels cardiomiocits en resposta a I'estirament mecanic de
les cavitats cardiaques i passen a la circulacié sanguinia per actuar en diversos teixits. ANP té una
sintesi principalment auricular, i BNP ventricular, pero en condicions patologiques els dos peptids
es poden alliberar en qualsevol de les dues cambres. ANP s’emmagatzema en forma de granuls
i s’allibera en resposta a desencadenants menors com pot ser I'exercici, mentre que BNP té un
emmagatzematge minim en granuls i se sintetitza i allibera en pics quan és necessari. Per altra
banda, CNP es produeix principalment en les cél-lules endotelials tot i que també pot ser

sintetitzat pel teixit miocardiac.10>1%

Els peéptids natriuretics i els seus derivats s’han explorat ampliament com a biomarcadors
cardiacs, especialment el cas de BNP. Aquest se sintetitza en forma de preproBNP i, després de
I’escissié d’un peptid senyal, es converteix en proBNP. Durant la seva maduracio, proBNP pateix
modificacions posttraduccionals en forma de O-glicosilacions en 9 regions fins ara identificades.
Seguidament, mitjangant I'enzim furina, es produeix |’escissio proteolitica de proBNP en BNP i la
seva regié N-terminal bioldgicament inactiva, que rep el nom de NT-proBNP. La preséncia de
residus glicosilats prop del lloc d’escissi6 de proBNP podria afectar-ne el processament.
Finalment, BNP i NT-proBNP s’alliberen en quantitats equimolars al torrent sanguini junt amb
porcions no processades del seu precursor proBNP. BNP té una vida mitjana de 20 minuts mentre
que la vida mitjana de NT-proBNP és d’aproximadament 1-2 hores, i per tant, la quantitat de NT-
proBNP circulant és 5 vegades major a la de BNP (Figura 6).1°671%8 Actualment, i seguint les guies
cliniques, es recomana I'is de BNP o el seu derivat NT-proBNP com a part del circuit diagnostic
de la insuficiéncia cardiaca i el seu seguiment.1® Per altra banda, I'increment dels nivells de BNP
i NT-proBNP s’ha relacionat amb I'etiologia cardioembolica del ictus isquémic i existeix literatura
sobre el seu potencial Us en ictus criptogénics.’>*1%!1! De forma similar, 'augment d’aquests

biomarcadors s’ha descrit amb relacié a la incidéncia i la recurréncia de la FA. Per ultim, en
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pacients amb FA, NT-proBNP s’ha proposat com un marcador util per predir el risc d’ictus i
episodis embolics com a part de I'escala de risc ABC (de I'angles “age, biomarkers and clinical
history”).11?

1 134

preproBNP

removal of the signal peptide

1 26 1 108
/1
signal peptide proBNP S-S
Alwosylam
Glycans

. casaes . esssee () 108

1 S
proBNP proBNP

proprotein convertase
cleavage
1 gocees 000008 ( )
L |

proBNP NT-proBNP

Figura 6: Esquema del processament de BNP i NT-proBNP.113

Actualment estan en marxa dos assajos clinics aleatoritzats que pretenen testar si els pacients
amb alts nivells de péptids natriuretics, i sense FA ,també es beneficiarien del tractament amb
anticoagulants, de forma similar a com ho fan els pacients amb FA registrada. Per una banda, el
ARCADIA inclou pacients amb ESUS de més de 45 anys amb cardiomiopatia atrial definida per
algun dels seglients criteris: NT-proBNP >250 pg/MI, PTFV1 >5000 pV x ms, o diametre de
I"auricula esquerra>3 cm/m2.1* En canvi, en I'estudi MOSES, s’inclouen pacients isquémics de

qualsevol etiologia, amb I’Gnic criteri que tinguin nivells elevats de MR-proANP (Taula 4).11°
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Inclusio
Estudi Criteris d’inclusio Intervencié
estimada

e >45anys

o mRS< 4
e Diagnostic clinic d’ictus isquéemic tipus ESUS
e  >3i<180 dies despres del ictus 1:1

114 =
ARCADIA N=1100 e  Cardiomiopatia atrial definida com:

o NT-proBNP >250 pg/ml o

o  PTFV1>5000 pV x ms,

o Diametre de 'auricula esquerra>3
cm/m2

Apixaban vs aspirina

1:1
e >18anys

e  Diagnostic d’ictus isquemic
MOSES!> N=590 | e  MRproANP= 200 pg/l en les primeres 24 apixaban, endoxaban)
hores després de I'inici dels simpomes

ACOD (dabigatran,

vs antiplaqueri (aspirina

o clopidogrel)

Taula 4: Resum dels principals assaigs clinics testant I'is de péptids natriurétics per guiar la terapia
anticoagulant en pacients amb ictus

1.3.2. Procés de descobriment de nous biomarcadors

En el context de I'etiologia de l'ictus, tot i el gran nombre de biomarcadors proposats fins al
moment, cap té una capacitat predictiva prou bona per ser implementat a la practica clinica. Es
per aquest motiu que els estudis orientats a la identificacié de nous candidats sén necessaris. El
procés de descobriment de nous biomarcadors consta normalment de quatre fases:
descobriment, quantificacid, verificacid i validacid.!'® En cada una d’aquestes fases es redueix el

nombre de candidats mentre s’augmenta la grandaria de la mostra utilitzada (Figura 7).

En la fase de descobriment es poden fer servir sistemes model (models animals o linies cel-lulars),
o mostres biologiques humanes. En aquesta fase es realitza una comparacié binaria simplificada
entre mostres amb el procés estudiat i sense. Per tal d’evitar el “soroll” per part d’altres malalties
o factors de confusid, les mostres dels dos grups haurien de ser tan semblants com sigui possible,
idealment diferint Unicament respecte a la condicié d’interés. En aquesta fase normalment
s’utilitzen técniques de cribratge massiu, també conegudes com a tecniques Omiques, que varien
en funcié del tipus de molecula estudiada. Per exemple, els estudis de transcriptomica es
concentren en I'estudi del perfil d’expressié genica, considerant les molécules de RNA circulants
(codificants o no codificants) com a biomarcadors potencials. En aquest sentit, les principals

tecniques que s’usen per la deteccié simultania de grans quantitats de transcrits son els
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microarrays o tecnologies tipus xip, la seqiienciacié de RNA (RNA-seq), i la PCR quantitativa
multiplexada. Per altra banda, 'estudi de possibles biomarcadors proteics es pot realitzar amb
tecniques de proteomica com I'espectrometria de masses, o I's d’arrays de proteines que
exploren una part del proteoma.'?” En aquest sentit, diferents companyies han desenvolupat
panells o matrius d’anticossos que permeten detectar fins a centenars de proteines
simultaniament en la mateixa mostra amb tecnologies derivades de la técnica ELISA (de I'angles
Enzyme-Linked ImmunoSorbent Assay). També s’han desenvolupat noves técniques mixtes, que
utilitzen parelles d’anticossos units a sondes de DNA. La hibridacié, amplificacio i quantificacié
d’aquestes sondes per técniques de PCR quantitativa (qPCR) o NGS (de I'anglés Next Generation
Sequencing) en cas que els anticossos reconeguin la proteina objectiu és el mecanisme rere
I’assaig d’extensio per proximitat (PEA, de I'anglés proximity extension assay) desenvolupat per
la companyia Olink.'*® Finalment, una alternativa als anticossos és la tecnologia basada en
aptamers. Aquests sén acids nucleics de cadena senzilla que posseeixen una estructura
tridimensional particular que els permet reconeixer i unir-se amb alta afinitat a molecules diana.
Gracies a aquesta tecnologia, I'assaig Somascan® pot reconeixer milers de proteines en una sola

mostra.!?

Independentment de la técnica utilitzada, com a resultat de la fase de descobriment s’obtenen
llistats de molécules amb expressié diferencial entre els casos i els controls. En aquest punt
parlem de biomarcadors candidats, ja que sovint inclouen gran quantitat de falsos positius que
cal descartar en fases posteriors. Les llistes de candidats derivades d’estudis de descobriment es
poden suplementar o substituir per candidats extrets de la literatura o provinents d’altres estudis

de descobriment.

La fase de qualificacid permet confirmar els resultats obtinguts durant la fase de descobriment
per mitja de teécniques analitiques diferents de les utilitzades en la fase anterior. A partir d’aquest
punt, s’utilitzen principalment técniques dirigides als candidats en estudi; per exemple, ELISA o

Western blot en el cas de proteines, o gPCR en el cas de biomarcadors de RNA.

Durant la fase de verificacié el nombre de mostres estudiades augmenta per tal de plasmar la

variabilitat ambiental, genetica i estocastica de la poblacié estudiada.
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Numero de Numero de

) analits mostres
3 N
5 o DESCOBRIMENT
= %’ Identificacié de biomarcadors candidats 1000
g -ié Mostres: fluids i teixits d’origen huma, sobrenedants de linies s
< v cel-lulars, fluids d’animals models. Variacid biologica reduida.
£
g LN y
< N
QUALIFICACIO
Confirmacio de I'abundancia diferencial dels candidats
Mostres: fluids i teixits d’origen huma. Variacio biologica
reduida.
%
4 - N
Bl VERIFICACIO
g ED Etapa inicial de avaluacié de 'especificitat dels candidats
§ kS Mostres: fluids i teixits d’origen huma. Variacio biologica
o] normal.
J
s ” N
VALIDACIO
Etapa de determinacio de la sensibilitat i especificitat i
optimitzacié del assaig
Mostres: fluids i teixits d’origen huma. Variacié biologica normal

Figura 7: Procés de descobriment de nous biomarcadors (Adaptat de Rifai et al, 2006).%¢

Finalment, en la fase de validaci6 només s’inclouen un nombre reduit de candidats que han
superat amb éxit la fase anterior. En aquesta fase s’avaluen els candidats per mitja de tecniques
optimitzades en grans cohorts que reflecteixin a la perfeccid la variabilitat i heterogeneitat del
conjunt de la poblacid. Els candidats que finalment siguin validats poden ser seleccionats per la
seva comercialitzacio, fet que implica el refinament i perfeccionament dels metodes de deteccio
per assolir els requeriments estandards dels tests clinics actuals. Idealment, la integracié en
sistemes d’immunoassaigs automatitzats ja posats a punt en laboratoris clinics, o I'is de
técniques rapides de mesura com poden ser els dispositius POC (de I'anglés Point of Care)

facilitaria la translacié a la practica clinica de nous biomarcadors.
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Objectius

L’objectiu general d’aquesta tesi és identificar biomarcadors sanguinis de fibril-lacié auricular
com etiologia del ictus isquémic, i descriure la seva aplicacio en diferents contextos de prevencio

primaria i secundaria del ictus.
Els objectius especifics son els seglients:

1. Identificar nous biomarcadors de deteccié de fibril-lacié auricular (FA), aixi com estudiar la
utilitat d’altres previament descrits en la bibliografia, en el context d’un programa de cribratge

com a estratégia de prevencié primaria del ictus.

2. Comparar de forma directa el comportament i utilitat dels peptids natriurétics BNP i NT-
proBNP en una cohort de ictus criptogénics, com a eina per predir la fibril-lacié auricular

paroxistica.

3. Identificar noves proteines i vies fisiopatologiques alterades en pacients amb ictus criptogenic

i fibril-lacié auricular o cardiomiopatia auricular.

4. Avaluar en diferents etapes de la FA, el potencial us clinic de panells de biomarcadors que

incloguin proteines de varies vies involucrades en la fisiopatologia d’aquesta arritmia.
I t d | d laf tol d’ t t
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Metodes

La present tesi s’ha realitzat utilitzant mostres de sang de pacients de 3 cohorts. En aquest
apartat oferim una breu descripcid d’aquestes cohorts aixi com un resum de les técniques
utilitzades que pugui servir com a referéncia. La descripcid detallada dels metodes utilitzats es

pot consultar en cada una de les publicacions que componen la seccié de resultats.

3.1. Estudi AFRICAT

L’estudi AFRICAT (Atrial Fibrillation Research In CATalonia)*?® és un estudi poblacional,
observacional i prospectiu amb I'objectiu de crear i aplicar un programa de cribratge de FA

seqliencial a Catalunya, integrant informacio clinica, electrocardiografica i biologica.

L’estudi es va dividir en dues fases: Fase | (2016-2017) i Fase Il (2019-2020) i va incloure pacients
de 65 a 75 anys amb hipertensié i diabetis de 3 arees geografiques catalanes (SAP Muntanya,
SAP Reus i SAP Terres de I'Ebre). Els criteris d’exclusié eren: malalties inflamatories croniques,
cancer actiu, demencia o FA préevia (només en la Fase Il). Els pacients s’identificaven a través dels
registres clinics de tres arees de salut catalanes (SAP Muntanya, SAP Reus, i SAP Terres de I'Ebre),
i se’ls convidava a participar en I'estudi. Aquells pacients que acceptaven se’ls citava a una visita

presencial en la que es realitzaven els seglients procediments:

e Avaluacid clinica amb registre de variables demografiques, factors de risc vascular,
medicacio, comorbiditats i constants vitals.

e Electrocardiograma de 12 derivacions.

e Dispositius rapids de deteccié de FA: AliveCor (homés fase 1),*2! Fibricheck (homés fase
1),*22 MyDiagnostick,*?® i WatchBP.??*

e Col-locacié d’un dispositiu Holter téxtil (Nuubo™) i instruccions de com portar-lo durant
un mes.

e  Extraccié de mostra de sang.

En total es van incloure 100 pacients en la Fase | i 259 en la fase Il. D’aquests alguns es van haver
d’excloure de I'estudi dels biomarcadors per manca de mostres de sang o monitoratges curts
guedant-nos amb 96 pacients en la primera fase (20 FAi76 no FA) i 178 en la segona fase (14 FA
i 164 no FA). En els articles 1, 2 i 5 utilitzem pacients de la cohort AFRICAT.

3.2. Estudi CRYPTO-FA

L'estudi CRYPTO-FA!?>126 és un registre prospectiu multicéntric de pacients amb ictus

criptogénics majors de 55 anys. El registre es va realitzar entre 2015 i 2017 i hi van participar les
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unitats d’ictus de 4 centres espanyols (Vall d’"Hebrdn, Hospital Virgen Macarena, Hospital Virgen
del Rocio i Hospital universitari de Valladolid). Abans d’entrar a I'estudi tots els pacients havien
de rebre una avaluacio diagnostica complerta incloent proves de neuroimatge (RM o TC), ECG,
estudi de les artéries intra- i extra-cranials (ecografic, angio-TAC o angio-RM), ecocardiograma
transtoracic, i monitoratge electrocardiografic continu hospitalari. Els criteris d’exclusié de
I’estudi eren: diagnosis previ de FA (fins i tot aquells casos detectats durant I'estada hospitalaria)
o qualsevol altre causa coneguda d’ictus, portadors de marcapassos, discapacitat severa després
de l'ictus (escala de Rankin modificat mRS>3), o empitjorament clinic. Un cop inclosos i durant
les primeres 72 hores després de l'ictus es realitzava una extraccié de sang i la col-locacié d’un

dispositiu Holter téxtil (Nuubo™) durant un mes per detectar casos de FA.

En aquest periode es van avaluar 320 pacients amb ictus criptogénics dels quals 296 es van
incloure en el registre CRYPTO-AF. Després de I'exclusié d’aquells amb registres inclomplerts o
sense disponibilitat de mostres, ens quedem amb 218 pacients (50 FA i 168 no FA). Aquests o un

subgrup d’aquests son els que utilitzem en els articles 3,4 i 5.

3.3. Estudi PARIAS

L’estudi PARIAS (Pacientes con Altisimo Riesgo de Ictus Agudo en Sevilla)®® és un estudi
observacional en el que es van incloure pacients diagnosticats amb FA no-valvular de més de 50
anys i una puntuacido CHADS,<1. L'estudi es va dur a terme amb pacients de la zona urbana de
Sevilla seleccionats entre el febrer i el maig de 2015 de la base de dades electronica de salut
d’Andalusia (DIRAYA). Els pacients amb historia prévia d’ictus o AIT, estenosis carotidia coneguda
o cirurgia carotidia, historia médica de qualsevol malaltia neurologica o cancer, contraindicacié

en la realitzacié d’una RM cerebral, o tractament anticoagulant van ser exclosos.

Després de la inclusid, es programava amb els pacients una RM cerebral de 3 Teslas. En la
mateixa visita es registraven dades demografiques i de la historia médica del pacient (edat, sexe
i factors de risc vascular entre d’altres) i es recollien mostres de sang. En un subgrup de pacients
de I’estudi PARIAS, es va realitzar un estudi neuropsicologic en la que es va utilitzar el qliestionari

MoCA versid espanyola.'?’

Un subgrup de 80 pacients d’aquesta cohort (70 amb FA i 10 controls sans) sén els que s’inclouen

en l'article 6.
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3.4. Mesura de biomarcadors

El processament de les mostres de sang en tots els estudis va ser el mateix. Es van utilitzar tubs
de seérum i EDTA per realitzar la extraccio de sang. Tot seguit, es van centrifugar els tubs a 1500g
i 4°C durant 15 minuts. A continuacio es van realitzar aliquotes de serum i plasma que es van

congelar a -80°C fins al moment de la utilitzacio de les mostres.

En els estudis de descobriment de biomarcadors inclosos en aquesta tesi (article 2 i 4) s’ha
utilitzat la técnica SOMAscan® (Somalogic Inc., Bouler, CO, USA), que s’explicara en detall a
continuacid. En canvi, en les verificacions i validacions de biomarcadors candidats s’han utilitzat

assaigs ELISA comercials o altres técniques d'immunoassaig.

3.4.1. La tecnica SOMAscan
SOMAscan® (Somalogic Inc., Bouler, CO, USA) és una plataforma protedomica basada en la
tecnologia dels aptamers de DNA que en la versié utilitzada és capa¢ de mesurar 1305 proteines

simultaniament.'® En la Figura 8 s’il-lustren els passos que segueix aquesta técnica.

1 3¢ .4
- =2y 1

Y

Figura 8: Resum de la técnica SOMAscan (adaptat de les instruccions proporcionades per Somalogic).!28

1) Els SOMAmers son aptamers modificats (color lila) sintetitzats amb un fluorofor, un enllag
fotoescendible, i una mol-lécula de biotina. Aquests s'uneixen a beads d’estreptavidina i s’utilitzen per
capturar proteines dianes (color daurat) en una matriu complexa com pot ser el plasma. 2) Mentre les
proteines que no s’han unit s’eliminen, les proteines unides s’etiqueten amb biotina. Tot seguit la llum
ultraviolada trenca els enllagos fotoescendibles alliberant els complexes en la solucié. 3) Les unions no
especifiques es dissocien i competidors polianionics eviten que aquestes proteines es tornin a unir. 4) Les
proteines biotinilades juntament amb els SOMAmers units sén capturades en un nou bead d’estraptidina.
5) S’alliberen els SOMAmers dels complexos a través de la desnaturalitzacié de les proteines. Els fluorofors
es mesuren després de la hibridacié a seqliencies complementaries en un microarray. La intensitat de
fluorescencia detectada en el microarray dependra de la quantitat de proteina disponible en la mostra
original.
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Després de les correccions aplicades per Somalogic el resultat final s’expressa en unitats de
fluorescencia relativa.

3.5. Resum d’analisis estadistics

Per els analisis estadistics inclosos en aquesta tesi es va utilitzar el software R (versi6 3.6.1i3.6.3,
R Foundation for Statistical Computing), el SPSS (versio 20, IBM Corp), i el GraphPad Prism per a

la elaboracio de grafics (versié 6; GraphPad Software).

Les particularitats dels analisis estadistics en cada estudi es descriuen en detall en la seccid de

metodes de cada article.

De forma general, per a I'avaluacié de la normalitat de les variables continues es van utilitzar el
test Kolmogrov-Smirnov o el test Shapiro-Wilk (mostres inferiors a 30). Els descriptius de les
variables normals es van expressar com a mitjanatdesviacié estandard, i les no normals com a
mediana (rang interquartilic). Per als analisis univariants de les variables continues, es va utilitzar
el test T d’student quan la variable era normal, i el Mann-Whitney en casos de distribucié no
normal. Si la variable d’interés tenia més de dues categories s’utilitza ’ANOVA o el test de
Kruskal-Wallis. Per comparar variables categoriques es va utilitzar el test X2. Les correlacions
entre variables continues es van avaluar amb el coeficient de correlacié de Pearson, o la Rho

d’Spearman, depenent de la distribucio de les variables.

En varis estudis hem construit models de regressio binaria incloent biomarcadors candidats com
a variables predictores juntament amb altres variables confusores. Per comparar models es va
utilitzar el metode De Long, que compara les arees sota la corba (AUC, de I'anglés area under de
curve) de les corbes ROC. Alternativament es va utilitzar I'index IDI (de I'anglés integrated
discrimination improvement). El IDI proporciona un valor numeric a la diferéencia existent entre
les probabilitats predites per dos models. Aquesta diferéncia s’expressa de forma global i es
podria dividir en si el nou model millora la probabilitat predita per els esdeveniments

(sensibilitat) o per els no esdeveniments (especificitat).1?®

En I'article 4, per analitzar I'expressié diferencial es va utilitzar el paquet de Bioconductor limma,
el qual utilitza models lineals amb modificacions de Bayes per a I'estimacié de la variancia.'*® Els
resultats dels estudis de descobriment es van ajustar per comparacions multiples amb el False
Discovery Rate (FDR), el qual s’interpreta com que la probabilitat de la hipotesis nul-la sigui certa
després que el test estadistic I’hagi rebutjat, és a dir la probabilitat que el resultat sigui un fals

131

positiu.**! Per estudiar les magnituds de les diferéncies es va utilitzar el fold-change logaritmic
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(logFC) que es calcula dividint I'expressié mitja dels valors d’un grup respecte els valors de I'altre
en escala logaritmica. Finalment, els analisis d’enriquiment de vies es van realitzar seguint un
protocol publicat utilitzant les eines GSEA (UC San Diego and Broad Institute) i Cytoscape

(Cytoscape Consortium).13?
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4 RESULTATS







N-Terminal Pro B-Type Natriuretic Peptide’s Usefulness for Paroxysmal Atrial
Fibrillation Detection Among Populations Carrying Cardiovascular Risk Factors

(Pala E et al, Front Neurol. 2019 Nov 29;10:1226)

doi: 10.3389/fneur.2019.01226
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Background and objective: AFRICAT is a prospective cohort study intending to develop an atrial fibrillation
(AF) screening program through the combination of blood markers, rhythm detection devices, and long-
term monitoring in our community. In particular, we aimed to validate the use of NT-proBNP, and identify
new blood biomarkers associated with AF. Also, we aimed to compare AF detection using various wearables
and long-term Holter monitoring. Methods: 359 subjects aged 65—75 years with hypertension and diabetes
were included in two phases: Phase | (n=100) and Phase Il (n=259). AF diagnosis was performed by baseline
12-lead ECG, 4 weeks of Holter monitoring (NuuboTM), and/or medical history. An aptamer array including
1310 proteins was measured in the blood of 26 patients. Candidates were selected according to p-value,
logFC and biological function to be tested in verification and validation phases. Several screening devices
were tested and compared: AliveCor, Watch BP, MyDiagnostick and Fibricheck. Results: AF was present in
34 subjects (9.47%). The aptamer array revealed 41 proteins with differential expression in AF individuals.
TIMP-2 and ST-2 were the most promising candidates in the verification analysis, but none of them was
further validated. NT-proBNP (log-transformed) (OR= 1.934; p<0.001) was the only independent biomarker
to detect AF in the whole cohort. Compared to an ECG, WatchBP had the highest sensitivity (84.6%) and
AUC (0.895 [0.780-1]), while MyDiagnostick showed the highest specificity (97.10%). Conclusion: The
inclusion and monitoring of a cohort of primary care patients for AF detection, together with the testing of
biomarkers and screening devices provided useful lessons about AF screening in our community. An AF
screening strategy using rhythm detection devices and short monitoring periods among high-risk patients
with high NT-proBNP levels could be feasible.

Keywords: atrial fibrillation; stroke; primary care; biomarkers

1. Introduction anticoagulants (OACs) for stroke risk reduction [2].

However, this condition is frequently asymptomatic
Atrial fibrillation (AF) is one of the most common ;.4 paroxysmal, difficulting its diagnosis. As a

cardiac arrhythmias in the general population and  ¢onsequence of the failure to detect AF at early
its incidence and prevalence are increasing globally, stages, 10% of strokes are caused by previously
becoming an important public health problem [1].  ynknown AF [3]. Screening strategies would

Treatments exist to prevent the most important  pqtentially increase AF detection rates and reduce
complications of AF as is the case of oral
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its complications, but the best screening approach
is not clear [4].

During recent years, a diversity of devices and new
methodologies for AF detection have appeared,
ranging from single time-point to long-term
monitoring devices capable to identify brief
asymptomatic AF episodes [5]. Although intensive
monitoring periods increase the AF diagnostic yield
[6], screening strategies in the primary care setting
require inexpensive and cost-effective
methodologies.

The incorporation of blood biomarkers into AF
screening strategies is gaining interest. It
represents an opportunity to enlarge the window
for AF detection as some of them might present a
kind of “biological memory” being elevated even
outside AF episodes. A promising biomarker in this
context is N-terminal pro B-type natriuretic peptide
(NT-proBNP), which we recently found elevated in
AF individuals, even in paroxysmal cases [7].
However, the usefulness of this biomarker needed
to be confirmed and potentially complemented by
others.

In the present work, we aimed to explore several
tools to be applied in an AF screening program in
the primary care health setting. In particular, we
aimed to validate the use of NT-proBNP, and
identify new blood biomarkers associated with AF.
Also, we aimed to compare AF detection using
various wearables and long-term Holter
monitoring.

2. Methods
2.1. Study population

AFRICAT (Atrial Fibrillation Research in CATalonia;
NCT03188484) is a prospective, multicenter,
population-based screening study for AF. The study
was divided into two phases: Phase | (2016-2017)
for discovery and verification, and Phase Il (2019-
2020) for validation (Fig 1). Individuals aged 65-75
with a registered diagnosis of hypertension and
diabetes were identified from the clinical records of
three different Catalonia health areas (SAP
Muntanya, SAP Reus, and SAP Terres de I'Ebre) and
invited to participate in the study. Individuals with
chronic inflammatory diseases, active cancer, or
dementia were excluded. In Phase I, patients with
a previous diagnosis of AF were also excluded. At a
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baseline visit, patients received a comprehensive
assessment consisting of clinical characteristics
(demographic factors, vascular risk factors,
medications, comorbidities, and vitals), and
electrocardiography assessment. At the same
baseline visit, several AF detection devices were
tested (Watch BP, MyDiagnostick, and AliveCor or
Fibricheck), and blood was collected. Moreover,
patients received a wearable Holter device
(Nuubo™) and were instructed by local trained
researchers to wear it for 4 weeks as described
previously [7]. AF diagnosis was performed by a
baseline 12-lead electrocardiogram (ECG), 4 weeks
monitoring with a wearable Holter device
(Nuubo™), and/or medical history. On Holter
monitoring, AF was defined as irregular R-R
intervals without a P wave signal, lasting for more
than 60s. Expert cardiologists blinded to clinical
characteristics evaluated the anonymized Holter
records and ECGs to identify AF episodes. Holter
monitoring was optional in the patients with
previous diagnosis of AF included in Phase I. More
information about the study protocol has already
been published [7].

The AFRICAT study protocol was approved by the
clinical research ethics committees of IDIAP Jordi
Gol (P15/047) and Hospital Universitari Vall
d’Hebron [PR (AG) 133-2015]. All participants
signed an informed consent before inclusion. The
study protocol conformed to the ethical guidelines
of the 1975 Declaration of Helsinki.

2.2. Biomarker quantification

Blood was collected into EDTA and serum tubes at
the time of inclusion. After centrifugation at 1500 g
and 4-C for 15min, plasma and serum aliquots were
frozen at —80-C until biomarker determination.

2.2.1. Discovery study- Somascan

To identify proteins differentially expressed in AF
individuals, an experimental design including
discovery, verification, and validation phases was
followed.

For the discovery study, protein levels in plasma
were assessed using the SOMAscan® platform
(Somalogic Inc., Boulder, CO, USA), an aptamer-
based proteomic assay measuring 1305 proteins



AFRICAT | (discovery and verification)

AFRICAT Il (validation)

]
-

34 AF

4 <100h registred

No AF
n=164

17 AF Holter-detected (PMH-ECG-Holter+) ]

7 PMH-ECG+Holter+
7 PMH+ ECG+
3 Other

240 no AF

2 no blood sample
16 no-Holter records
44 <100h registred
bad quality records

Figure 1. Flow chart of the AFRICAT study

simultaneously [8]. Normalization and calibration
procedures performed by Somalogic
according to their protocol and final data were
reported in relative fluorescent units (RFU)[9]. The
most promising candidates from this experiment
(according to the best p-value, logFC and, plausible

were

pathophysiological role) were verified in the whole
Phase | subjects, and subsequently, the ones with
nominal p-value <0.1 were selected to be validated
in Phase Il.

2.2.2. Verification and validation

For the verification and validation studies, selected
proteins were quantified using commercial
immunoassays: plasma B-endorphin and plasma
interleukin-36 alpha (IL-36A) (MyBioSource, San

Diego), plasma metalloproteinase inhibitor 2
(TIMP-2), and serum interleukin-1 receptor
antagonist protein  (ILIRA) (R&D Systems,

Minneapolis), plasma coagulation factor IX antigen
(FIX) (Diagnostica Stago, Parsippany), plasma bone
morphogenic protein 1 (BMP1), serum C-C motif

chemokine 3-like 1 (CCL3L1), plasma
dermatopontin  (DPT) and serum polymeric
immunoglobulin  receptor  (PIGR)(Elabscience,

Houston), and serum low-affinity immunoglobulin
gamma Fc region receptor ll-a (FcgR-lla)(Cloud-
clone, Wuhan). Interleukin-1 receptor-like 1
(ST2/IL1RL1) was measured by ELISA assay in Phase
| (R&D Systems, Minneapolis), and by the Ella
technology (Proteinsimple) in Phase Il. Several
samples were tested in both technologies
measuring ST-2 to establish their correlation and
reproducibility. Plasma NT-proBNP levels were
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determined by automated immunoassay in a
COBAS ¢8000 (Roche Diagnostics).

All assays were performed blinded to clinical
information and according to the manufacturer’s
instructions. All samples were tested in duplicate
and inter-assay variation was determined by a
commercial control (Human Serum, male AB, USA
origin from clotted, SIGMA, ref number H16914;
Human plasma K2 EDTA, Innovative Research, ref
number IPLA-N) tested in duplicate in each plate.
Those samples with duplicated values showing a
coefficient of variation (CV) higher than 20% were
removed. When inter-assay variation was >20%,
biomarker levels were standardized. In each
separate phase, samples were randomized through
the plates according to AF diagnosis to have the
same % of cases in each plate. Therefore,
standardization was performed, when needed,
dividing all the sample's concentrations by a
coefficient calculated as the plate-specific median
between the overall plates median. The commercial
control sample was used as a reference to
standardize the results for the joined analysis of
Phase | and Phase .

2.3. Devices

At the baseline visit, AF detection devices were
tested. At phase | AliveCor, Watch BP, and
MyDiagnostick were used. Due to a high rate of
unclassified cases (13.3%), AliveCor was replaced by
Fibricheck in Phase Il (Fig 2). AliveCor KardiaMobile
(AliveCor, USA) [10] is a smartphone-based device
that consists of an electrocardiographic recorder of



AFRICAT |

ol .

AliveCor

Watch BP

Figure 2. Devices used for AF detection

one derivation connected to a mobile phone
application. MyDiagnostick (Applied Biomedical
Systems, Netherlands) [11] is a single-lead ECG
recorder with the shape of a stick with metallic
handles (electrodes) at both ends. After a minute of
holding the device with both hands, an indicator
(green/red) of possible irregular pulse appears. It
operates without additional hardware and can

Fibricheck

My Diagnostick

Y
AFRICAT Il

record and store over 100 ECG’s. Microlife WatchBP
Home monitor (MicrolLife, USA)[12] is an
oscillometric digital blood pressure monitor device,
which has an algorithm for AF detection based on
the regularity of pulses. It automatically takes three
sequential measurements to detect possible AF.
Fibricheck (Fibricheck, Belgium) [13] is a mobile
phone app based on photoplethysmography (PPG)

Phase | AFRICAT n=100 Phase Il AFRICAT n=259
No AF No AF No AF No AF
Al AF(n=20) | (00N (oo Al AF(n=a) | (o6
v 70 69 70 70 72 7 7 7
g (68-73) | (66-71.75) | (68-73)* (68-73) (69-74) (69-75) (69-74) | (69-73.75)
33 7 26 2 153 7 146 .
Sex (% female) | (33 (35%) (32.5%)* | (3L6%)* | (59.1%)* (50%) (s9.6%)+ | > (567%)
Alchool 11(11%) | 1(5%) | 10(12.5%) | 10(13.2%) | 19(7.4%) 0 (0%) 19 (7.8%) 12 (7.4%)
20 4 16 15 23 0 23 .
Tobacco (20.2%)* | (20%) (20.3%)* (20%)* (8.9%)* (0%) (9.4%)+ | 17(104%)
o 81 16 65 61 212 10 202 .
Dyslipidaemia | o /o) (80%) (81.3%) (80.3%) (81.9%) (71.4%) (82.4%) | 133(8L1%)
Coronary heart 18 8 10 10 49 1 48 33
i (18%) @0%)*s | (12.5%)F | (13.2%) (18.9%) (7.1%)* (19.6%) (20%)
Heartfailure | 3(3%) | 3(15%)° | 0(0%)* | 0(0%)* | 23(8.9%) 0(0%) | 23(94%)* | 13 (8%)
Valvular 4(8%) | 3(15%) | 1(1.3%)F | 1(L3%) | 12(47%) | 1(7.1%) | 11(4.5%) 8 (4.9%)
Previous stroke | 6(6%) | 2 (10%) 4 (5%) 2(26%) | 18(6.9%) 0 (0%) 18 (7.3%) 14 (8.5%)
Anticoagulation | 9 (9%)* | 8(40%)* | 1(L3%)° | 1(13%)F | 2(0.8%)* | 0(0%)* 2 (0.8%) 1(0.6%)
Antiaeresation 50 7 43 40 130 8 122 79
Breg (50%) (35%) (53.8%) (52.6%) (50.2%) (57.1%) (49.1%) (48.2%)
1435 1405 144 144 139 1435 1 165
sBp (134- (127.5- (134- (134.25- (130.5- 1025 T | nsoaans
153.5) 162.5) 151.75)* 151.75)* 147.5) 152.25)
78 79 78 74
78 76 76 76
DBP (72.25- | (7325 (71.25- (70.75-
s 5075 ssye | (712586) | (7183 5379 (71-83) (71.82)

Table 1: Clinical characteristics of the cohort and comparison according to atrial fibrillation diagnosis.

patients without AF included in the devices analysis. ®Patients without AF included in the biomarker analysis excluding those
without blood samples or short/bad quality registers."P-value < 0.05 Phase | vs Phase Il comparison *P-value < 0.05 AF vs no
AF comparison.

AF, atrial fibrillation; DBP, diastolic blood pressure; SBP, systolic blood pressure
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technology. It uses the flashlight and the camera of
the mobile phone to measure the changes in blood
flow and calculate the heart rate.

For each device, binary information about rhythm
(rhythmic vs. arrhythmic) was recorded. Specificity,
sensitivity, positive predictive value (PPV), negative
predictive value (NPV), and area under the ROC
curve (AUC) were calculated for each device in
comparison to ECG results. For the analysis,
unclassified device records were considered as No
AF.

2.4. Statistical analysis

Statistical analyses were conducted with SPSS
version 20 and R software version 3.6.3. Data were
expressed as number (%) for categorical variables
and as mean + SD or median (interquartile range)
for variables, depending on its
distribution. For univariate analysis, the Mann—
Whitney U-test or Student’s t-test was used for
continuous variables, and the x2 test was used for
categorical variables.

continuous

The number needed to screen was calculated
dividing the number of patients included, by the
number of new AF cases detected.

For the discovery experiment, p-values were
corrected using false discovery rate (FDR), and base
2 logarithmic fold-changes (logFC) were calculated
for each protein by subtracting abundance
logarithmic values of the AF to the non-AF samples
(logFC = log [AF mean/no AF mean]). The Spearman
test was used for correlations. Comparisons were
first performed between AF patients vs no AF
patients, and second between Holter-detected AF
vs no AF patients (excluding AF patients diagnosed
with other methodologies). Biomarker levels were
log-transformed and forward stepwise logistic
regression was used to select the ones that
independently predicted AF in the whole cohort.
Binary logistic regression analyses were performed
including the most promising biomarkers and
clinical variables of interest (sex, age, heart failure,
ischemic cardiopathy, and valvular disease).

The sample size needed for Phase | was calculated
aiming to detect a minimum of 10 cases of AF to
perform a biomarker case-control discovery
experiment and further verification. According to
unpublished data from the AFABE study [14], the
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prevalence of AF in patients with hypertension and
diabetes in our community was 9.6%, therefore, a
sample of 100 patients was included in phase I.
Then, for Phase Il sample size was estimated based
on phase | biomarker results (power of 80%,
a=0.05) (Ene 3.0, GlaxoSmithKline, UK). According
to these calculations, the sample size for Phase Il
should be between 60, 213, or 282 depending on
the biomarker data used for sample size calculation
(NT-proBNP, ST-2, or TIMP-2, respectively).

3. Results
3.1. Patient Characteristics and AF Detection

100 patients were included in Phase | and 259 in
Phase Il (Fig 1). The number needed to screen to
detect one new AF case in our study was 14.96.
Clinical characteristics of the cohort can be found in
Table 1.

In general, anticoagulation treatment was more
frequent in the AF group (p<0.001). Also, there
were some clinical differences between the two
phases. In the no AF group, older age (p=0.015),
female sex (p<0.0001), heart failure (p=0.004), and
higher levels of systolic blood pressure (p=0.004)
were more common in Phase Il in comparison to
Phase 1, while smoking (p=0.010) was more
common in Phase I. In the AF group, anticoagulant
treatment (p=0.011) and coronary heart disease
(p=0.005) were more common in Phase I. Median
monitoring time was 506 hours (IQR 267h-600h).
Holter monitoring was not evaluable in 16 patients,
and 44 had short monitoring periods. Therefore,
patients with poor Holter records (<100 h
registered and/or with artifacts) were excluded
from the biomarker analysis to avoid
misclassifications (Fig 1). All the patients had a
baseline ECG done and therefore were included in
the device's analysis.

AF was presented in a total of 34 subjects (24 newly
detected within the present study). AF cases were
classified according to how AF diagnosis was
performed in 4 groups, defined by past medical
history (PMH) for AF, ECG findings, and Holter AF
detection as follows: PMH-ECG-Holter+ (Holter-
detected AF), PMH-ECG+Holter+, PMH+ECG+, and
others. According to this classification, 17
individuals were only diagnosed during the Holter
monitoring period (Holter-detected AF), 7 in Phase
| and 10 in Phase Il. From these, 82.35% had AF



episodes during the first 7 days, and 88.23% during
the first two weeks (Fig 3). 7 individuals, 4 in Phase
I, and 3 in Phase I, had a new-onset AF on baseline
ECG. In all those patients, AF was also found in the
Holter register. 7 individuals in Phase | had previous
medical history of AF, confirmed by ECG in the
baseline visit, and during the Holter monitoring
period in those who were followed-up (monitoring
in this group was optional). Finally, as others, we
classified those patients with an external diagnosis
of AF, previous to the study or during the study, not
detected by the ECG or the Holter in the present
study.

Time to Holter-detected AF
100-

80+
60 -

40+

% of patients

204
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0 5 10 15 20 25 30
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Figure 3. Kaplan-Meier curve reflecting the AF
detection time within the patients with Holter-
detected AF.

3.2. Biomarker analysis
3.2.1. Discovery

For the discovery study, a subset of 13 AF patients
(from which, 7 Holter-detected AF), and 13 no AF
patients with long monitoring registers (>450h)
were selected from the whole Phase I.

In this subset, patients with AF tended to be
younger (p=0.087) and have higher rates of
coronary heart disease (p=0.073) than no AF
patients. Besides, anticoagulation treatment was
more common in the AF group (p=0.039), and
antiplatelet treatment was more common in the no
AF group (p=0.006). The other variables were
similar between the two groups.

From the evaluated 1305 proteins, 41 proteins had
differences between the two groups (nominal p-

56

value<0.05) (S1 Table): 19 had higher levels in
patients with AF, and 22 in patients without AF. No
protein remained significant after correction by
multiple comparisons. 11 candidates were chosen
because of the best p-value, logFC and, plausible
pathophysiological role to be tested in the whole
Phase | (Table 2). Other candidates, like NT-proBNP,
were previously tested in this cohort [7].

3.2.2. Verification

From the 11 proteins tested, TIMP-2 [116.33 %
23.11 ng/ml vs 106.36 + 23.67 ng/ml, p=0.097] and
ST-2 [32695.13 pg/ml (IQR 23739.93-44271.92) vs
27488.75 pg/ml  (IQR  20538.90-34175.25),
p=0.064] tended to have higher levels in AF
patients, and factor IX [118.50+28.01% vs
133.254+22.62, p=0.015] had lower levels in AF
patients (Table 2). The remaining biomarkers were
no different between the two groups. None of the
biomarkers had significant differences
comparing Holter-detected AF vs no AF.

when

The known effect of anticoagulation in the factor IX
levels [15,16] could not be eliminated from our
data, as 40% of the AF patients were previously
anticoagulated (mainly due to previous AF history)
in comparison to only 1.3% of no AF patients.
Therefore, patients on oral anticoagulants were
removed from the analysis, and the difference was
no longer significant (p=0.747). For that reason, this
protein was not selected to be tested in phase Il.

Therefore, as shown the best results in this phase,
TIMP-2 and ST-2 were selected to be tested in
phase Il, together with NT-proBNP, which had
previously shown promising results, even to detect
paroxysmal AF[7] (Fig 4 and S1 Fig).

Fig 4. Boxplot distribution of the 3 proteins selected
for valiadation (NT-proBNP, ST-2 and TIMP-2)
according to AF diagnosis

3.3.3. Validation

An automated immunoassay (Ella technology,
Proteinsample) was used to test ST-2 in the
validation phase. First, 24 samples from the
verification phase were also tested with Ella
technology to establish the reproducibility between
this technique and the one previously used
(Quantikine, R&D Systems). Both techniques
showed a strong correlation (r=0.893, p<0.001).



Table 2: Results from the comparisons of biomarker levels between AF and no AF in each phase of the biomarker study

Phase | Phase Il
Discovery (n=26) Verificatio Validation
Name Uniprot n (n=96) (n=178)
Fold
p value FDR P-value P-value
change
N-terminal pro-BNP* P16860 0.001 0.986 2.487 <0.001 0.102
Dermatopontin (DPT) Q07507 0.008 0.986 -0.568 0.758
Interleukin-1 receptor-like 1 (ST-2) Q01638 0.015 0.986 0.880 0.064% 0.123
Coagulation factor IX (FIX) P00740 0.015 0.986 -0.292 0.015
Metalloproteinase inhibitor 2 (TIMP-2) P16035 0.019 0.986 0.245 0.097% 0.823
Beta-endorphin P01189 0.026 0.986 -0.419 0.628
Interleukin-1 receptor antagonist protein P18510 0.026 0.986 -0.447 0311
(IL1RA)
C-C motif chemokine 3-like 1(CC3L1) P16619 0.027 0.986 0.253 0.262°
Interleukin-36 alpha (IL36-A) Q9UHA7 0.031 0.986 0.491 0.207%
Polymeric immunoglobulin receptor 01833 0.033 0.986 0.579 0.2425
(PIGR)
Low afflr'nty immunoglobulin gamma Fc 12318 0.038 0.986 1.141 01115
region receptor ll-a (FcgR-11a)
Bone morphogenetic protein 1 (BMP1) P13497 0.039 0.986 -0.287 0.937

*NT-proBNP was already tested in Phase | as part of another study [7]

TIMP-2 and NT-proBNP were measured with the
same techniques as the previous phase.

From the 3 proteins tested, none of them showed
significant differences in Phase Il (Table 2). Yet, NT-
proBNP and ST-2 tended to have increased levels in
AF. None of them showed significantly higher
concentrations in Holter-detected AF (Fig 4, S1 Fig).

NT-proBNP (log-transformed) (OR = 1.934; 95% ClI,
1.525-2.454; p<0.001) was the only biomarker that
entered a logistic regression analysis performed in
the whole cohort to detect any AF. As a result, the
discriminating ability (area under the ROC curve) of
NT-proBNP in the whole cohort was 0.771 (95% ClI,
0.686-0.856, p<0.0001). If we correct the logistic
regression model by forcing the introduction of
some clinical variables (sex, age, heart failure,
ischemic cardiopathy, and valvular disease), NT-
proBNP (OR =2.101; 95% Cl, 1.602—2.755; p<0.001)
remained an independent predictor and the
predictive ability of the model improved
(AUC=0.807; 95% Cl, 0.731-0.882).

The previous suggested cut-off point of NT-
proBNP>95pg/ml [7] showed 91.2% sensitivity,
44.2% specificity, 18.8% positive predictive value
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(PPV), and 97.2% negative predictive value (NPV) to
detect any AF and 82.4% sensitivity, 44.2%
specificity, 9.5% PPV, and 97.2% NPV to detect
paroxysmal AF. Alternatively, the cut-off point of
NT-proBNP>125pg/ml showed 76.5% sensitivity,
53.8% specificity, 19% PPV, and 94.2% NPV to
detect any AF and 52.9 % sensitivity, 53.8%
specificity, 7.5% PPV, and 94.2% NPV to detect
paroxysmal AF.

3.3. Devices

From the 359 included individuals, AF was observed
in 14 cases in ECG. MyDiagnostick and WatchBP
were used in all the patients. AliveCor was used in
the 100 individuals included in Phase | (11 with
positive ECG). 13.3% of the results were not
interpretable by AliveCor and assigned to No AF.
Consequently, this device was substituted by
Fibricheck in Phase Il, which was used in the 259
remaining individuals (3 with positive ECG). The
Fibricheck readings resulted in a low signal in 5
cases (1.93% of results) and were also assigned to
No AF.
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Figure 4. Boxplot distribution of the 3 proteins selected for valiadation (NT-proBNP, ST-2 and TIMP-2) according to

AF diagnosis

From the included 359 individuals, one patient was
excluded from the comparisons because of the
impossibility to use the devices due to left-hand
amputation. Also, one patient referred pain during
arterial pressure measurement due to an
arteriovenous fistula that avoided Watch BP
measurement. Table 3 shows the sensitivity,

specificity, PPV, PNV, and AUC for each device in
comparison to the conventional ECG. Although
some devices were only tested in a subset of
patients, WatchBP was found as the device showing
the best sensitivity (84.6%) and AUC (0.895 [0.780-
1]) compared to ECG, while MyDiagnostick showed
the best specificity (97.10%). Also, it should be

Table 3: Number of AF cases detected by each device and diagnostic performance measures in comparison to ECG.

AF (All) (Eﬁ;) Sens. Spec. PPV NPV AuﬁéEscs(‘;%r)ef.)
My{()ri‘ii:;;ﬁd( 13 10 76.9% 97.10% 50% 99.1% (0.702;4?—710-00)
V(\:‘a:;:?)" 15 11 84.6% 94.5% 36.7% 99.4% (0,7(;3?15.00)
A(Iri‘\:;g?r 10 8 80% 95.5% 66.7% 97.7% (0‘7%3-718.00)
Fi(:r:;';;;k 6 1 33.3% 93.4% 5.6% 99.17% (0_2%5?13.00)

NPV: negative predictive value; PPV: positive predictive value.

The first column indicates the number of AF from the total detected by each device (here we count AF cases
detected by Holter monitoring). The second column indicates the number of AF from the ones detected by ECG,
also detected by each device. Sensitivity, specificity, PPV, NPV and AUC were calculated using the ECG as a

reference.
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taken into account that some patients with positive
results in the previous devices had AF detected
during the monitoring period (Table 3).

4, Discussion

In the present study, we aimed to explore several
tools to detect AF with the final purpose to develop
an AF screening strategy that could be applied in
our community. Specifically, we aimed to identify
blood biomarkers associated with AF, and compare
AF detection using various screening devices and
long-term monitoring. As key findings, we validated
NT-proBNP to identify patients with AF, but failed
to found new biomarkers that could improve its
performance. Also, from all the devices tested, we
found that WatchBP had the best sensitivity
compared to ECG as gold-standard,
MyDiagnostick had the best specificity.

while

These results were obtained from a cohort of 359
high-risk patients, of which 34 patients had AF.
Interestingly, 24 subjects were diagnosed for the
first time during the study period and would
potentially benefit from anticoagulant treatment to
prevent future strokes. A future follow-up of this
cohort of patients will provide more data in this
regard. It should be taken into account that AF
prevalence in phase | was much higher than in
phase I, mainly due to the inclusion of already
diagnosed AF patients. These patients were
included in Phase | to increase the statistical power
of the biomarker discovery study. However, to
avoid potential selection bias and confounding
effects during the biomarker validation, those
patients were excluded from phase II.

The number needed to screen to detect one new AF
case was less than 15 in our study, much lower than
single-time-point screening studies [17]. This is not
surprising as diagnostic vyield increases with
duration, number, and temporal dispersion of the
screening [6]. Yet, large monitoring periods are not
feasible in screening studies, at least not in every
single patient. In our study, patients were mainly
diagnosed during the first monitoring days and
therefore, we can argue that shorter monitoring
periods, for example during one week (capturing
80% of the cases) or during 2 weeks (capturing
almost 90 % of the cases), would be a good option
in this setting. In fact, in the screening context, it
has been difficult to convince patients to wear a
Holter device for many days. Although few adverse
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events were reported during the use of the device,
some patients complained regarding its discomfort,
especially in the summer period, and this was one
of the main reasons for denying participation in the
study. In the study of Zoga et al[6], when targeting
participants with risk factors (older, male, and with
higher NT-proBNP) the diagnostic yield of all
methodologies increased|[6]. Therefore, prioritizing
the identification of high-risk individuals to follow
for short monitoring periods, even repeated over
time, would probably increase patient’s adherence
and satisfaction, and decrease costs and workload,
while identifying a high proportion of AF cases.

In our study we have already targeted a high-risk
population, focusing on hypertensive and diabetic
patients of advanced age, conditions that increase
the AF prevalence [18]. However, the application of
a clinical risk model in this group of patients will
optimize even more the selection of candidates to
screen. Results have been previously published on
the possible relationship between the clinical
profile and the risk of AF [19].

As stated before, we confirmed the usefulness of
NT-proBNP to detect AF patients in our cohort, but
its use was limited in identifying paroxysmal AF
cases. Moreover, specificity and positive predictive
values were low when aiming a sensitive cut-off (e.g
95 pg/ml or 125 pg/ml). NT-proBNP >125pg/ml was
used as a selection tool in the STROKESTOP Il study
[20] showing higher sensitivity and similar
specificity to diagnose AF. However, in their study,
as the low-risk group was only screened with an
ECG recording the biomarker sensitivity to detect
paroxysmal AF could not be tested. Although NT-
proBNP is a good candidate, new biomarkers that
could complement and improve its predictive
accuracy are needed. With this aim, we performed
a comprehensive assessment of blood biomarkers
by proteomic arrays. However, we should highlight
the limitations and difficulties of “discovery”
designs in a complex pathology as AF, in which the
broad categories under which we classify and
compare the patients are not clearly defined. First,
we cannot discard the misclassification of subjects
in the no AF group. Following the data of Zoga et al
[6], 30 days of monitoring would only have
identified 34% of patients and some of our records
were even shorter. Second, the natural history of AF
and the hypothesis that AF may be just a bystander
of an underlying disease process called atrial



cardiomyopathy that confers stroke susceptibility
should be taken into account [21,22]. Therefore,
some individuals without AF may have an “AF
substrate” with equal stroke risk and be biologically
similar to the AF group. All together, these facts add
background noise discovery experiments,
especially when performed in a small number of
samples. These may be some of the reasons why we
have obtained poor results in verifying the
discovery study. Another reason may be the
inclusion of permanent AF cases in that discovery.
This may have revealed proteins increased in
permanent AF but not in paroxysmal AF, which are
the most interesting cases to identify with
biomarkers due to the difficulty to be detected by
other methodologies. From all the biomarkers of
the discovery experiment, ST-2 and TIMP-2 were
selected as the most promising biomarkers. ST2 is a
receptor for interleukin-33 and its soluble form,
which is released from the myocardium and
vascular endothelial cells in response to pressure or
volume overload, had been proposed as a
promising biomarker for heart failure [23]. It had
also been associated with AF, especially regarding
its progression [24]. TIMP-2 is an inhibitor of matrix
metalloproteinases and its circulating levels in AF
patients in comparison to sinus rhythm are
controversial [25,26]. Nevertheless, none of these
biomarkers were validated in Phase Il of the study,
probably due to the higher amount of paroxysmal
AF cases, which these biomarkers were not able to
detect. From both biomarkers, ST-2 showed a trend
to be elevated in AF patients and seemed an
interesting biomarker but it did not improve the
performance of NT-proBNP. Previous discovery
experiments have described other biomarkers
related to incident or prevalent AF but their use in
screening protocols needs to be further assessed
[27-29].

in

Regarding the AF detection devices, in our study,
we tested the performance of four devices
(MyDiagnostick, WatchBP, AliveCor, and Fibricheck)
using  different  technologies:  oscillometry,
photoplethysmography, and handled-ECG. It
should be noted that the comparison may have
been affected by the fact that we echanged one of
the devices from Phase | to Phase Il, and, therefore,
the sample used for all the devices was not the
same. Particularlly, the difference in the number of
AF cases detected in each phase may have
influenced the device’s diagnostic performance
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measures. For example, the use of Fibricheck
uniquely during Phase I, with only 3 patients
detected by baseline ECG, biased the calculation of
its sensitivity. As a result, the no detection of one of
these three patients gave a sensitivity of 33%,
which is not accurate and makes difficult its
comparison. Regarding the other devices, despite a
relatively small sample size, our study showed
similar sensitivity and specificity rates to previous
studies when compared to ECG [5]. In fact, the
meta-analysis performed by Taggar et al [30],
stated that blood pressure monitors like WatchBP
showed the highest values of sensitivity to detect
AF while specificity was higher in non-12-lead-ECG
like MyDiagnostick and AliveCor. Nevertheless,
sensitivity rates observed seemed insufficient for
routine use in clinical practice, at least for a single-
time screening purpose. However, most of the
tested devices were not intended for single-time
use, but their best performance may be obtained
after several sequential registers at different time
points, even by the patient itself after symptoms
presentation. According to our experience,
WatchBP, with the highest sensitivity, is one of the
most advantageous devices in a clinical setting for
population screening strategies. Also, NICE
(National Institute for Health and Care Excellence)
advocates the use of WatchBP for the detection of
AF in patients already being monitored for
hypertension taking advantage of the dual
functionality of the device [31]. On the other hand,
the benefits of MyDiagnostick, AliveCor, and
Fibricheck might be higher for patients’ self-
monitoring. As ECG confirmation is mandatory by
guidelines for the diagnosis of AF, handled ECG
devices that provide a verifiable ECG trace, like
MyDiagnostick and AliveCor, present a clear
advantatge [4].

Although the results obtained in the present project
are not accurate enough to implement a screening
program, the collaboration of a multidisciplinary
team integrating primary care physicians,
cardiologists, and researchers working together,
provided useful lessons to take into account in
primary care AF management and future study
designs. Taking into account all our results the use
of a clinical predictive model in combination with
screening devices (e.g WatchBP or MyDiagnostick)
and biomarkers (e.g.NT-proBNP) would probably be
useful to select high-risk patients to be monitored
for AF detection. Then, selected patients could be



monitored continuously during short periods with a
wearable Holter device (e.g. 7 days). In our
experience, primary care physicians could be in
charge of the monitoring with the collaboration of
cardiologists to interpret the records. Another
option would be the patient self-monitoring using
devices or mobile applications (e.g. Fibricheck,
AliveCor, MyDiagnostick). The cost-effectiveness of
a screening design like that needs to be further
evaluated.

Apart from the limitations discussed until now, the
main limitation of our study was the reduced
sample size. Although the final sample size was
inside the sample calculation window, we aimed to
a larger sample size in Phase I, corresponding to
the upper limit of sample size calculation (n=282).
However, the initiation of the Covid-19 pandemic
and the finalization of the financial period for the
study limited the inclusion. More important, even
though a large number of patients were included,
the prospective nature of the study limited the
number of AF detected. The limited number of AF
patients may prevent generalizability of our results
and should be further confirmed. The sample size
limitation was particularly important in analyses
performed in a subset of patients, like the discovery
biomarker experiment. Also, due to some technical
problems with the wearable Holter devices, some
patients had to be excluded from some analyses,
reducing, even more, the statistical power. Finally,
the participant selection was not randomized and
might have suffered selection bias (eg. healthy user
bias, or patients with more cardiac pathologies
being more prone to partici-pate). However, this
cohort represents a population that would
participate in an AF screening study.

5. Conclusions

The inclusion and monitoring of a cohort of primary
care patients for AF detection, together with the
testing of biomarkers and screening devices
provided useful lessons about AF screening in our
community, despite the limited results obtained.
An AF screening strategy using rhythm detection
devices and short monitoring periods among high-
risk patients with high NT-proBNP levels could be
feasible.

Moreover, the present results will contribute to the
AFFECT-EU initiative in which information from
different European screening studies will permit
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estimating and drawing conclusions on the efficacy
of different screening methods and strategies [32].
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Supplemental Figure 1: Boxplot distribution of the 3 proteins selected for validation (NT-proBNP, ST-2 and TIMP-2)
according to the methodology used for AF diagnosis.
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Supplemental Table 1: Top table of the differential expressed proteins between AF and no AF. Results from the

discovery study.

Protein name Uniprot P.value FDR Fold change
N-terminal pro-BNP P16860 0,001 0,986 2,487
Dermatopontin (DPT) Q07507 0,008 0,986 -0,569
cAMP-specific 3',5'-cyclic phosphodiesterase 4D Q08499 0,010 0,986 0,302
Coagulation factor IXab P00740 0,010 0,986 -0,306
Interleukin-1 receptor-like 1 (ST-2) Q01638 0,015 0,986 0,881
Coagulation factor IX (FIX) P00740 0,015 0,986 -0,292
Low-density lipoprotein receptor-related protein Q07954 0,015 0,986 0,287
1, soluble
Tumor necrosis factor receptor superfamily Q07011 0,016 0,986 -0,162
member 9
Dual specificity mitogen-activated protein kinase P36507 0,016 0,986 -0,386
kinase 2
Troponin I, cardiac muscle P19429 0,017 0,986 0,428
Metalloproteinase inhibitor 2 (TIMP-2) P16035 0,019 0,986 0,244
Thrombin P00734 0,020 0,986 -0,273
3-hydroxyacyl-CoA dehydrogenase type-2 Q99714 0,020 0,986 0,358
Chymase P23946 0,022 0,986 0,187
Brain natriuretic peptide 32 P16860 0,022 0,986 0,293
Collagen alpha-1(XXlll) chain Q86Y22 0,022 0,986 0,179
Vitamin K-dependent protein C P04070 0,023 0,986 -0,384
Beta-endorphin P01189 0,026 0,986 -0,419
Laminin P25391, P07942, 0,026 0,986 0,313
P11047
Leucine-rich repeat transmembrane neuronal Q86VH5 0,026 0,986 -0,100
protein 3
Adenylosuccinate lyase P30566 0,026 0,986 0,013
Interleukin-1 receptor antagonist protein P18510 0,026 0,986 -0,447
(IL1IRA)
A disintegrin and metalloproteinase with Q76LX8 0,026 0,986 -0,333
thrombospondin motifs 13 (ADAMTS13)
C-C motif chemokine 3-like 1 (CCL3L1) P16619 0,027 0,986 0,253
Transcription factor AP-1 P05412 0,028 0,986 0,184
Casein kinase Il 2-alpha':2-beta heterotetramer P19784 P67870 0,029 0,986 -0,252
Interleukin-36 alpha (IL-36A) Q9UHA7 0,031 0,986 0,491
C5a anaphylatoxin P01031 0,033 0,986 -0,415
Polymeric immunoglobulin receptor (PIGR) P01833 0,033 0,986 0,579
Coagulation factor Xa P00742 0,034 0,986 -0,409
Lipopolysaccharide-binding protein P18428 0,036 0,986 0,165
Histone H2A type 3 Q7L7L0 0,038 0,986 0,518
Growth hormone receptor P10912 0,038 0,986 -0,503
NKG2D ligand 2 Q9BzZM5 0,038 0,986 -0,727
Low affinity immunoglobulin gamma Fc region P12318 0,038 0,986 1,141
receptor ll-a (FcgR-l1a)
Fatty acid-binding protein, heart P05413 0,038 0,986 -0,339
Bone morphogenetic protein 1 (BMP1) P13497 0,039 0,986 -0,287
WAP, kazal, immunoglobulin, kunitz and NTR Q96NZ8 0,043 0,986 -0,375
domain-containing protein 1
Fibronectin Fragment 3 P02751 0,043 0,986 -0,340
Mitogen-activated protein kinase 11 Q15759 0,043 0,986 -1,091
Pro-opiomelanocortin P01189 0,048 0,986 -0,740

Proteins selected to be verified in the whole Phase 1 are highlighted in grey. Proteins in bold but not highlighted were
already tested in the whole phase 1 as part of a previous published work (Pala et al, 2019).
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B-type natriuretic peptide over N-terminal pro-brain natriuretic peptide to predict
incident atrial fibrillation after cryptogenic stroke

(Pala E et al, Eur J Neurol. 2021 Feb;28(2):540-547)

doi: 10.1111/ene.14579
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Background: Atrial fibrillation (AF) is one of the most prevalent causes of cryptogenic stroke. Also, apart
from AF itself, structural and remodelling changes in the atria might be an underlying cause of cryptogenic
stroke. We aimed to discover circulating proteins and reveal pathways altered in AF and atrial
cardiomyopathy, measured by left atrial volume index (LAVI) and peak atrial longitudinal strain (PALS), in
patients with cryptogenic stroke. Methods: An aptamer array (including 1310 proteins) was measured in
the blood of 20 cryptogenic stroke patients monitored during 28 days with a Holter device as a case-control
study of the Crypto-AF cohort. Protein levels were compared between patients with (n=10) and without AF
(n=10) after stroke, and the best candidates were tested in 111 patients from the same cohort (44 patients
with AF and 67 without AF). In addition, in the first 20 patients, proteins were explored according to PALS
and LAVI values. Results: Forty-six proteins were differentially expressed in AF cases. Of those, four proteins
were tested in a larger sample size. Only DPP7, presenting lower levels in AF patients, was further validated.
Fifty-seven proteins correlated with LAVI, and 270 correlated with PALS. NT-proBNP was common in all the
discovery analyses performed. Interestingly, many proteins and pathways were altered in patients with low
PALS. Conclusions: Multiple proteins and pathways related to AF and atrial cardiomyopathy have been
revealed. The role of DPP7 as a biomarker for stroke aetiology should be further explored. Moreover, the
present study may be considered hypothesis-generating.

1. Introduction AF [3]. Therefore, atrial substrate or atrial
cardiomyopathy has been proposed as an
Atrial fibrillation (AF) is a prevalent cardiac rhythm important cause of cryptogenic strokes [4,5].
disorder underlying up to one-third of all ischemic
strokes [1]. Paroxysmal AF remains undetected ina  Left atria (LA) enlargement and atrial fibrosis are
high proportion of patients after stroke and is one  two structural hallmarks of the atrial substrate [3].
of the most prevalent causes of cryptogenic stroke LA size has been associated with cardioembolic
[2]. stroke and AF detection in patients with embolic
stroke of undetermined source (ESUS) [6]. Similarly,
Also, there is increasing recognition that atrial peak atrial longitudinal strain (PALS), which
dysfunction itself is associated with an increased measures the LA wall deformability and is a

risk of thromboembolism, even in patients without
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surrogate of LA fibrosis, has been associated with
AF in cryptogenic stroke patients [7].

Some blood biomarkers (e.g. natriuretic peptides)
have been proposed as useful tools to detect
paroxysmal AF [8]. In addition, circulating markers
might allow noninvasive assessment of atrial
cardiomyopathy before AF appears and might guide
the selection of patients for more intensive post-
stroke monitoring to personalize the secondary
prevention treatments [2,5].

The present study aims to discover circulating
proteins and reveal pathways altered in AF and
atrial cardiomyopathy, measured by left atrial
volume index (LAVI) and PALS, in patients with
cryptogenic stroke.

2. Methods

2.1 Study population:

The study population represented a subpopulation
of the Crypto-AF study [9,10]. Non-lacunar acute
ischemic stroke patients over 55 years of age with
cryptogenic stroke after standard evaluation were
included in the study by four Spanish public Stroke
Centers from January 2015 to July 2017. All patients
included had no prior history of AF. Patients were
monitored for 28 days with a wearable Holter
device (NuuboTM) following a published protocol
[9]. The software algorithm classified every episode
of irregular ECG rhythm lasting >120s as possible
AF. An expert cardiologist blinded to clinical data
verified the episodes. From this cohort, a total of
ten consecutive patients with AF detected during
the monitoring period, and ten matched controls
(by sex and age) without AF were selected for the
present discovery study. In addition, 111 patients
with available blood samples were used for the
validation study (44 patients with AF and 67
matched controls).

Blood samples were collected into EDTA and serum
separator tubes within 72 h after symptoms onset.
After centrifugation at 1500 g and 4°C for 15 min,
plasma and serum aliquots were frozen at -80°C
until further analysis.

Left atrial size was measured by biplane
transthoracic echocardiography to obtain the left
atrial volume adjusted to body surface index (LAVI,
ml/m2) following the latest guidelines [11]. Peak

atrial longitudinal strain (PALS) was evaluated by
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speckle tracking software (GE EchoPAC®) following
expert recommendations [12].

Written informed consent was obtained from all
participants, and the study was approved (PR
(AG)49/2014) by the Ethical Committee of Vall
d’Hebrén Hospital, Valladolid Hospital, Virgen
Macarena Hospital and Virgen del Rocio Hospital, in
line with Helsinki guidelines.

2.2 Aptamer array

Protein levels in plasma were assessed using the
SOMAscan® platform (Somalogic Inc., Boulder, CO,
USA), which is an aptamer-based proteomic assay
that allowed the simultaneous measurement and
quantification of 1310 proteins [13]. This approach
uses SOMAmers® reagents, which are short single-
stranded DNA sequences with protein affinity. The
platform transforms the proteins present in the
biological sample into a corresponding SOMAmer
signal, which then is quantified using the
microarrays technology. Three different dilutions
(depending on each protein abundance) were used.
Normalization and calibration procedures were
performed by Somalogic according to their
protocol[14]. All samples passed Somalogic quality
controls. A set of control calibrator samples were
used to detect and remove systematic variability
between independent assay runs. Seventy-nine
proteins were marked as “flags” due to high inter-
plate variability and eliminated from the analysis.
Data were reported in relative fluorescent units
(RFU) after normalization and calibration.

2.3 ELISA

Serum coiled-coil domain-containing protein 80
(CCDC80)(BosterBio), and plasma dipeptidyl
peptidase 7 (DPP-7)(R&D Systems), bone
morphogenetic protein 1 (BMP-1)(Elabscience),
and cystatin-D (BosterBio) were determined by
ELISA. All assays were performed blinded to clinical
information and according to the manufacturer’s
instructions. All samples were tested in duplicate,
and inter-assay variation was determined by a
commercial control (Human Serum, male AB, USA
origin from clotted, SIGMA, ref number H16914;
Human plasma K2 EDTA, Innovative Research, ref
number IPLA-N) tested in duplicate in each plate.
When inter-assay variation was >20%, biomarker
levels were standardized by the common control
sample. Samples with a CV (coefficient of



variation)>20% between were

eliminated from the analysis.

duplicates

2.4 Statistics

R software version 3.6.1 and SPSS version 20 were
used to conduct statistical analysis. Categorical
variables were expressed as numbers and
percentages and continuous variables as mean *
SD, or median (interquartile range) for continuous
variables, depending on their distribution.
Student’s t-test, Mann—Whitney or x2 were used to
compare variables between AF cases and controls
depending on the type and distribution of each
variable.

SOMAscan data were log-transformed as presented
a skewed distribution. Differential expression
analyses were performed using the “limma”
package (Bioconductor) version 3.42.2, optimized
for omics studies with large amounts of data and
few samples [15].

Spearman correlations were calculated between
LAVI or PALS and all the analyzed proteins. The R
package “Venndiagram” version 1.6.20 was used to
visualize the common proteins between the
different analyses. All p-values were adjusted using
Benjamini and Hochberg (BH) false discovery rate
(FDR). Group matching by sex and age was used to
select control samples in the discovery experiment.
The validation sample size was estimated based on
Somascan results (power of 80%, a=0.05) (Ene 3.0,
GlaxoSmithKline, UK).

The addition of DPP7 to a logistic regression model
fitted by age, sex, echocardiographic markers (LAVI
and PALS), and NT-proBNP was tested using the
Likelihood Ratio Test. Odds ratios (OR) for an
increment of one unit of concentration were
shown. The classification performance of the
models was compared using Reciever Operating
Curves. The R package “ggeffects” version 1.1.1 was
used to plot the average predicted probability of
the model when varying the variable of interest.

2.5 Pathway analysis

Pathway enrichment analysis was conducted
following a published protocol[16]. Gene Set
Enrichment Analysis (GSEA) software was applied
to all the SOMAscan proteins ordered by T-statistic
or correlation coefficient against Reactome
Pathways and Gene Ontology (biological processes)
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databases. Gene sets with <15 genes or >200 genes
were excluded. GSEA calculates a normalized
enrichment score (NES) for each gene set. Positive
and negative NES values represent enrichment of
the corresponding gene set at the top (i.e.,
upregulated) or bottom (i.e., downregulated) of the
ranked list. P-values were computed by gene set
permutation for 1000. Then, multiple testing using
a false-discovery rate (FDR) was applied to obtain
the Q-values. Results were visualized via Cytoscape
Enrichment Map with a Jaccard Overlap Combined
Coefficient >0.375. Significant pathways were
considered at Q-value<0.25.

3. Results

The descriptive characteristics of the 20 patients
included in the discovery study are provided in
Table 1. The median age was 71.5, and 55% were
women. Clinical variables were similar between the
two groups.

3.1 Differential protein expression and altered
pathways in AF

Among the tested proteins, 46 were differentially
expressed in AF cases at a nominal p-value of 0.05
(22 down-regulated and 24 up-regulated). Although
no protein remained significant after multiple
comparison correction, NT-proBNP showed the
strongest association (p-value=0.001, logFC=1.86)
and BNP was ranked sixth (p-value=0.008,
logFC=0.39). Both natriuretic peptides were well-
known biomarkers of AF, already validated in this
cohort in a published study [8]. Proteins with p-
values between NT-proBNP and BNP were selected
to evaluate their usefulness in a larger group of

patients: CCDC80 (p-value=0.0013), DPP-7 (p-
value=0.0039), BMP-1 (p-value=0.0051), and
Cystatin-D  (p-value=0.0080) (Figure 1 and

Supplemental Table 1).

GSEA analysis revealed five gene sets upregulated
in patients with AF (Regulation of cellular response
to growth factor stimulus, Lymphocyte chemotaxis,
Calcium ion transmembrane transport, Lymphocyte
migration, Chemokine receptors bind chemokines),
and five gene sets downregulated (Binding and
Uptake of Ligands by Scavenger Receptors,
Interleukin-12 family signalling, Vesicle-mediated
transport, Transport of small molecules and
Interleukin-12 signalling). Most altered pathways



Table 1. Clinical characteristics of the patients included in the discovery experiment and comparison according

to atrial fibrillation detection.

All (n=20) AF (n=10) No AF (n=10) p-value
Sex (%female) 11 (55%) 6 (60%) 5 (50%) 0.65%
Age (years) 71.5 (67-80) 73.5 (69.75-80) 67.5 (62.25-81.5) 0.2475
Hypertension 14 (70%) 7 (70%) 7 (70%) 1.00%
Diabetes 5 (25%) 3 (30%) 2 (20%) 1.00%
Vasculopathy 1(5%) 0(0%) 1(10%) 1.00%
Renal failure 1(5.3%) 1(11.1%) 0 (0%) 0.47%
COPD 1(5.3%) 1(11.1%) 0 (0%) 0.47%
Obesity 8 (40%) 5 (50%) 3 (30%) 0.65%
Heart disease 2 (10%) 2 (20%) 0 (0%) 0.47%
Basal NIHSS 4(2-7) 3(1-7) 5(3-7) 0.29%
LVEF (%) 64.74 +34.19 63+7.84 66.30+7.51 0.362*
PALS (%) 25.76 £ 12.98 29.89 + 14.06 20.59 + 10.00 0.134#
LAVI (ml/m?) 31(27-37) 30 (27-34) 34 (22.5-37.75) 0.815°

Number of AF episodes 28 (7-42.5)

Longest AF episode (min)

respectively.®Student’s t-test "Mann—-Whitney test &x? t

were related to immune response and intracellular
transport (Supplemental Figure 1).

3.1.2 Biomarker validation

The clinical characteristics of the 111 patients
included in the validation study were provided in
Supplemental Table 2. This subgroup was older
(p=0.021) and had a lower percentage of obesity
(p=0.041) in comparison to the discovery cohort.
Several samples had a CV>20% between duplicates
and were eliminated from the analysis accordingly.
Therefore, we had a final sample size of 107
patients for CCDC80, 86 for DPP7, 95 for BMP1, and
97 for Cystatin-D. Levels from the four biomarkers
were available from 74 patients. Analysis was
performed with the patients available for each
biomarker. DPP7 was significantly lower in
individuals with AF compared with no AF [5.13
ng/ml (IQR 3.42-7.10) vs 6.16 ng/ml (5.04-8.39),
p=0.013], while the remaining biomarkers were not
different between the two groups (Figure 2 and
Supplemental Table 3). Sensitivity analyses were
performed only, including the patients with values
from all the biomarkers, obtaining similar results.

DPP7 alone was a predictor of AF (OR=0.828 per
ng/ml [0.695-0.986], p=0.034). Then, when adding
DPP7 to a logistic regression model fitted with age,

780.48 (121.25-

1510.71)

COPD, chronic obstructive pulmonary disease; NIHSS, National Institutes of Health Stroke Scale; LVEF, left
ventricular ejection fraction; PALS, peak atrial longitudinal strain; LAVI, left atrial volume index.

The “heart disease” terminology included any cardiopathy that the investigator considered of interest, including
into this category ischemic cardiopathy, and hypertensive cardiopathy, between others. The two patients with heart
disease in this cohort had a mild mitral and aortic valvulopathy, and a hypertensive cardiomyopathy

est
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sex, PALS, LAVI, and NT-proBNP, it remained an
independent predictor (OR=0.729 per ng/ml [0.539-
0.988], p=0.041). This model, including DPP7,
showed better fit according to the likelihood ratio
test (x2= 6.001, p=0.014), and the AUC increased,
although the DelLong test was not significant (0.657
[0.484-0.831] vs 0.756 [0.608-0.904], p=0.155). The
models were built with 51 complete cases with all
the variables available (17 AF and 34 no AF)
(Supplemental Figure 2).

3.2 Differential protein expression and altered
pathways in atrial myopathy

3.2.1 LAVI

Fifty-seven proteins correlated significantly with
LAVI (40 negative correlations and 17 positive
correlations). From these, only 17 had a correlation
coefficient r>|0.6]. No proteins remained
significant after multiple corrections in any of the
analyses (Supplemental Table 4 and Supplemental
Figure 3).

The pathway analysis, considering the protein list
ordered by the correlation coefficient between
protein levels and LAVI, revealed only one gene set
upregulated with LAVI with a Q-value<0.25: Netrin-
1 signalling (R-HSA-373752).
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Figure 1. Volcano plot of differentially expressed proteins between AF cases and no AF.

Black dots above the red line indicate significant proteins, while grey dots below the red line indicate non-significant
proteins according to nominal p-value < 0.05. Labeled proteins are those with a nominal p-value < 0.01 or nominal p-
value < 0.05 and |logFC|>1.Proteins with positive logFC had higher levels in the AF group and vice-versa.

3.2.2 PALS

Two-hundred-seventy proteins correlated
significantly with PALS (117 negative correlations
and 153 positive correlations). From these, only 64
had a correlation coefficient r>|0.6], and six
remained significant after multiple comparison
corrections  (Supplemental Table 5 and

Supplemental Figure 4).

When proteins were ordered by the correlation
coefficient between protein levels and PALS, 264
gene sets were enriched in patients with high PALS,
and two were enriched in patients with low PALS (R-
HSA-1630316, Glycosaminoglycan metabolism, and
R-HSA-3781865, Diseases of Glycosylation).
Dysregulated pathways were mostly involved in
signal  transduction, metabolism, immune
response, and hemostasis. (Supplemental Table 6
and Supplemental Figure 5).

3.3 Common protein expression in AF and atrial
myopathy

NT-proBNP was the only protein common in all the
analyses performed. Five proteins were related to
LAVI and PALS (Leukotriene A-4 hydrolase, Alpha-2-
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macroglobulin, Histone H2A type 3, Secretin, and
Fibroblast growth factor 12). One protein was
associated with AF and LAVI (Cell adhesion
molecule 3). Fourteen proteins were associated
with AF and PALS (Urokinase plasminogen activator
surface  receptor, Lumican, Dermatopontin,
Follistatin-related protein 3, C-C motif chemokine
25, Plasminogen, Coagulation factor VII, Natural
killer cell receptor 2B4, Angiopoietin-2, Interleukin-

23 receptor, Brain natriuretic peptide 32,
Erythropoietin, Advanced glycosylation end
product-specific receptor, and Macrophage

mannose receptor 1)(Figure 3).

4, Discussion

In the present study, a wide variety of proteins have
been explored in a cohort of cryptogenic stroke
patients monitored for 1 month to detect AF.

Although several studies had previously explored
individual biomarkers of cardioembolic stroke
and/or AF in stroke patients [17], few studies had
used a discovery approach to identify new
candidates related to occult AF. In fact, the majority
of AF “discovery” studies enrolled asymptomatic
patients [18-20] and, to our knowledge, only the



study of Lambert et al. included stroke patients
[21]. This study explored 184 proteins in patients
with previously known causes of stroke. In contrast,
we evaluated a wider range of proteins in patients
with ESUS to ascertain new predictors of AF.
Although all the patients included in our study had
no prior story of AF, we cannot differentiate
between new-onset AF or first-diagnosed AF.
However, we aimed to identify AF cases in
cryptogenic stroke patients independently of the
onset of this AF because, from a clinical perspective,
the treatment of the arrhythmia is the same.

Regarding the proteins differentially expressed in
our analysis when comparing patients with and
without AF, we should highlight that natriuretic
peptides, NT-proBNP and BNP, were in the top-
ranked positions. Both are well-known surrogates
of AF and have already been validated in the
present cohort of cryptogenic patients [8].
Therefore, we decided to test other proteins with
similar nominal p-values in the comparison. Only
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DPP7 showed significant differences in the
validation from the four proteins selected, with
higher levels in the patients without AF. DPP7 (also
called DPP2) is a member of the dipeptidyl
peptidase family, which has been implicated in
many immunologic processes. Although limited
data about DPP7 is available compared to other
family members, there is a substantial overlap in
this family regarding substrate specificity,
inhibitors, and functions.

Interestingly, members of the dipeptidyl peptidase
family have been linked to atherosclerosis and are
considered therapeutic targets for treating this
pathology [22]. Therefore, the increase of DPP7
levels in no AF individuals might be linked to an
underlying atherosclerotic aetiology in those ESUS
cases, but this should be confirmed.

Another hypothesis would be that DPP7 had a role
in the pathophysiology of AF, lowering its risk. DPP7
is a lysosomal protein ubiquitously distributed in
various tissues and organs, including the heart[23].
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Figure 2. Boxplot distribution of CCDC80, DPP7, BMP1 and Cystatin-D between AF and no AF.

P-values indicated correspond to the Mann-Whitney test. P-values were not corrected by Bonferroni, which
lowered the significance threshold to p<0.0125. Boxes extend from the 25th to 75th percentiles. The line in the
middle is plotted as the median. Whiskers are drawn according to Tukey methodology (+1.5 IQR), and larger values

are plotted as individual points.
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Figure 3. Summary of proteins altered in AF and atrial myopathy.

The numbers in the circles indicate proteins related to each variable (AF, PALS, and LAVI). Proteins in the overlap
circles are those commonly related to two or three variables. The number of proteins related to PALS and LAVI shown
in the figure corresponds to those with significant correlations. The number of proteins related to AF corresponds to
those significant in the comparison AF vs no AF. In all cases, nominal p-values were considered.

Its  pathophysiological significance  requires
additional study, including measurements on atrial
tissue and/or biological experiments.

Although DPP7 adds information to current
markers (clinical, echocardiographic, and blood
biomarkers previously described like NT-proBNP),
the logistic regression models presented here were
built with reduced sample size. Therefore, the use
of DPP7 as a biomarker should be validated in
further studies. The fact that the other candidates
were not validated indicates that the present
discovery approach resulted in several false
positives. We cannot discard the possibility that the
lack of validation is due to disparity in results
between the two techniques used, as previous
studies presented weak correlations (r<0.3) in some

proteins between SOMAscan platform and
conventional immunoassays [24]. The low
reproducibility between techniques may be

explained as binding reagents interacting with
different epitopes of a specific analyte. That is why
discovery studies aiming to find biomarker
candidates should include validations with different
techniques. More importantly, the difficulty to find
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new AF biomarkers with “discovery” strategies may
be due to the complexity of AF, which makes it
challenging to classify the patients in a binary
variable. First, we cannot discard there were false-
negative cases in the no AF group as cardiac
monitoring might not have been prolonged enough
to detect some AF cases [25]. Also, AF could be just
a bystander, and atrial dysfunction is the real
underlying disease that causes stroke susceptibility
[26].

Consequently, there is a need to search for
biomarkers that identify not only AF but also the
underlying atrial substrate. Therefore, and taking
advantage of the availability of well-phenotyped
patients by echocardiography, we have explored
circulating proteins and functional pathways that
might be associated with atrial cardiomyopathy.
Two echocardiographic variables have been
considered to perform this analysis: LAVI and PALS.
Although evaluating different characteristics of the
left atria, both variables are used to identify atrial
myopathy and have been shown useful to predict
AF [3]. LAVI measures the enlargement of the atria



while  PALS provides information its

deformability, but both variables are highly related.

on

Interestingly, in our analysis, while many proteins
and pathways were altered in patients with lower
PALS, few were affected in patients with high LAVI.
This may reflect that more pathophysiological
changes are behind the remodelling that results in
atrial distensibility impairment compared to atrial
enlargement. Previous studies stated that PALS
more than
volumetric measurements to predict AF and that LA
dysfunction may precede and/or be independent of
anatomical changes like LA enlargement [27]. This
may also explain why few protein candidates are
associated with both variables in our analysis.

measurements were sensitive

The bioinformatics analysis revealed some
interesting pathways playing a role in AF and atrial
cardiomyopathy. The study highlighted the
importance of the inflammatory response in AF,
especially the role of lymphocytes and chemokine
signalling. This confirms the role of inflammation in
the initiation and maintenance of AF, which has
extensively been described [28]. Also, we found an
enrichment of growth factors signalling, which can
also be linked to the inflammatory response or the
fibrosis occurring in the heart [29]. Finally, calcium
handling is essential for the correct electrical
functioning of the heart, and similarly of what we
found, abnormal calcium handling can lead to
cardiac arrhythmias like AF [30].

On the other hand, several pathways were
downregulated in the AF group compared to the no
AF group, which could be related to other stroke
etiologies in the second group. This is the case of
interleukin-12  (IL-12) signalling. Interleukin-12
family members have been related to various
cardiovascular diseases, including atherosclerosis,
hypertension, aortic dissection, and several cardiac
pathologies [31]. Also, in patients without AF, we
found an upregulation of vesicle-mediated
intracellular transport and activity of scavenger
receptors, which are membrane-bound receptors
that bind a variety of ligands, including low-density-
lipoproteins (LDL). These, together with the
transport of small molecules, are pathways that
might describe increased levels of LDL, involved in
atherosclerosis, in patients without AF.

4.1. Study limitations
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The present study has several limitations. The main
limitation is the small sample size, limiting our
statistical power to correct multiple comparisons.
Second, the selection of patients was performed
according to AF diagnosis, and then a posterior
exploratory analysis according to
echocardiographic variables was performed. As
continuous variables, correlations between the
echocardiographic variables and protein levels
were assessed, but we should consider the
difficulties of obtaining significant correlations with
a reduced sample size. The same reason precluded
sex- and age-based analysis. Therefore, we cannot
eliminate the effect of age on the
proteins/pathways revealed, especially in the case
of left atrial strain that correlates with age.
Nevertheless, we may not be interested in
eliminating this effect as fibrosis of the atrium is a
cumulative process that may result from pathways
altered with age [32].

Similarly, LAVI is larger in women than in men in our
cohort, and the association of some proteins’
abundance with LAVI may reflect sex differences in
our population. Therefore, these results need to be
interpreted as hypotheses-generating. Selection of
patients according to extreme PALS and LAVI
matched by sex and age and validation of altered
markers in a cohort with a longer follow-up would
provide further insights. Moreover, we should state
that LAVI and PALS might not be specific markers of
atrial cardiomyopathy. Other parameters and
techniques can be used to characterize the disease
in other studies (e.g., left atrial voltage mapping,
late gadolinium-enhanced magnetic resonance
imaging, and histological analysis).

Also, the lack of a matched set of similar aged non-
stroke patients limits insight into biomarkers
specifically associated with stroke. Finally, we only
analyzed a small portion of the full proteome, which
may have conditioned our findings.

5. Conclusions

The present study revealed multiple proteins and
pathways that may have a role in the development
of atrial fibrillation. In particular, the role of DPP7
as a biomarker for stroke aetiology should be
further explored. Also, we have proposed a strategy
considering echocardiographic parameters to
discover new biomarkers and pathways that may
have a role in atrial fibrillation and atrial myopathy.



In this regard, the present study may be considered
hypothesis-generating.
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Proteins and pathways in atrial fibrillation and atrial cardiomyopathy
underlying cryptogenic stroke
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Supplemental Figure 1. Pathways altered in AF.
Each circle represents a pathway significantly enriched (at g-value<0.25). Circles are divided in two parts,
the colored part indicates the database where the gene set belongs (left GO Biological processes and right
Reactome). Color intensity represents p-values. Clusters of similar pathways representing major biological

themes were automatically defined and summarized using the AutoAnnotate Cytoscape application. Gene
overlap interconnects the nodes.
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Supplemental Figure 2. Performance of DPP7 in a logistic regression model

The left panel shows the Receiver Operating Characteristic Curve of a clinical model built with variables
associated with AF (Age, sex, LAVI, PALS and NTproBNP) and the performance of the same model after the
addition of DPP7. The right panel shows the AF average predicted risk and its confidence interval of the
previous model according to DPP7 values.
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Supplemental Figure 3. Volcano plot of proteins correlated to LAVI

Black dots above the red line indicate proteins with significant correlations while grey dots below the red
line indicate not significant ones according to nominal p-value<0.05. Labeled proteins are those with a
| correlation coefficient|>0.7.
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Supplemental Figure 4. Volcano plot of proteins correlated to PALS

Black dots above the red line indicate proteins with significant correlations while grey dots below the red
line indicate not significant ones according to nominal p-value<0.05. Labeled proteins are those with a
| correlation coefficient|>0.7.
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Each circle represents a pathway significantly enriched (at g-value<0.25). Circles are divided in two parts,
the colored part indicates the database where the gene set belongs (right GO Biological processes and left
Reactome). Colour intensity represents p-values. Clusters of similar pathways representing major biological
themes were automatically defined and summarized using the AutoAnnotate Cytoscape application. Gene

overlap interconnects the nodes.
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Supplemental Table 1. Top table of the differential expressed proteins between AF and no AF. Excel file
Supplementaltables.xIx

Supplemental Table 2. Clinical characteristics of the patients included in the validation study

All (n=111) AF (n=44) No AF (n=67) p-value
Sex (%female) 54 (50%) 21 (51.2%) 33 (49.3%) 0.84
Age (years) 79 (73-83) 78 (73.25-82.75) 79 (71-84) 0.97
Hypertension 88 (82.2%) 32 (78%) 56 (84.8%) 0.37
Diabetes 20 (19.6%) 8 (21.6%) 12 (18.5%) 0.70
Vasculopathy 20 (18.2%) 8(18.2%) 12 (18.2%) 1.00
Renal failure 9(8.2%) 3 (6.8%) 6(9.1%) 0.74
COPD 10 (10.9%) 2 (5.6%) 8 (14.3%) 0.30
Obesity 17 (18.1%) 9 (24.3%) 8 (14%) 0.20
Heart disease 33 (30.6%) 14 (34.1%) 19 (28.4%) 0.53
Basal NIHSS 4(1-7) 3(1-7) 5(1-7) 1.00
LVEF (%) 62.94 +8.93 62.63 +10.20 63.16 £ 8.01 0.76
PALS (%) 25.34+9.25 22.16 +8.95 27.59 + 8.89 0.014
LAVI (ml/m?) 29 (23-36) 31(25.5-37) 26 (22-35.25) 0.056
Numl')er of AF 9(334)
episodes

Longest AF episode
(minutes) (n=31)
COPD, chronic obstructive pulmonary disease; NIHSS, National Institutes of Health Stroke Scale; LVEF, left
ventricular ejection fraction; PALS, peak atrial longitudinal strain; LAVI, left atrial volume index.

704 (133.65-1432)
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Supplemental Table 3. Biomarker levels and comparisons between different groups.

Protein name AF No AF P-value

Coiled-coil domain-containing protein 80 (ng/mL) 1995.06 (1615.15-2495.05) 1975.51 (1398.52- 0.365
2336.98)

Dipeptidyl peptidase 7 (ng/mL) 5.13 (3.42-7.10) 6.16 (5.04-8.39) 0.013

Bone morphogenetic protein 1 (ng/mL) 1420.26 (1021.71-1919.76) 1348.97 (1051.96- 0.590
1648.34)

Cystatin-D (pg/mL) 117.51(61.95-262.11) 118.06 (68.27- 0.763
223.36)

P-values indicated correspond to Mann-Whitney test.
Biomarker levels are expressed as median (interquartile range).

Supplemental Table 4. Top table of protein correlations with LAVI. Excel file Supplementaltables.xIx
Supplemental Table 5. Top table of protein correlations with PALS. Excel file Supplementaltables.xIx

Supplemental Table 6. Pathways altered in AF according to GSEA analysis (Q-value<0.25). Excel file
Supplementaltables.xIx
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individuals and cryptogenic stroke patients

(Under review)

93






Blood-based biomarkers to search for atrial fibrillation in high-risk
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Background: Atrial fibrillation (AF) increases the risk of ischemic stroke in asymptomatic individuals and
may be the underlying cause of many cryptogenic strokes. We aimed to test the usefulness of promising
blood-biomarkers related to AF pathophysiology in two prospective cohorts representative of those
populations. Methods: 492 patients from two studies were included: 274 subjects aged 65-75 years with
hypertension and diabetes from the AFRICAT cohort, and 218 cryptogenic stroke patients aged >55 years
from the CRYPTO-AF cohort. AF was assessed by 4 weeks of monitoring with a wearable Holter device
(Nuubo™). Blood was collected immediately before monitoring started. 10 candidate biomarkers were
measured by automated immunoassays (Roche, Penzberg) in the plasma of all patients. Univariate and
logistic regression analyses were performed in each cohort separately. Results: AF prevalence was 12.4%
and 22.9% in the respective cohort. 4 biomarkers were significantly increased in asymptomatic individuals
with AF (Troponin-T, Ang-2, ESM-1, and total NT-proBNP) and 7 biomarkers showed significantly higher
concentrations in cryptogenic stroke patients with AF detection (GDF-15, IL-6, Troponin-T, Ang-2, BMP-10,
DKK-3, and total NT-proBNP). The combination of Ang-2 and total NT-proBNP showed the best performance
in both cohorts and, when corrected by age and sex, had an AUC of 0.798 (0.715-0.882) to detect AF in
high-risk asymptomatic individuals, and 0.753 (0.681-0.825) in cryptogenic stroke patients. Conclusions:
Blood-biomarkers, in particular, total NT-proBNP and Ang-2, were increased in AF patients and could be
useful in AF screening strategies in the primary care setting, and also for searching AF after cryptogenic
stroke.

1. Introduction AF [2], but this arrhythmia is usually
underdiagnosed and, therefore, undertreated. Pre-

Atrial fibrillation (AF) increases the risk of ischemic 5,4 post-stroke AF searching would increase AF
stroke in asymptomatic individuals and may be the detection, and subsequently the number of
underlying cause of many cryptogenic strokes [1].  patients that would benefit from primary and

Anticoagulant therapy is the most effective  secondary stroke prevention treatments [3,4].
treatment to reduce stroke risk in the presence of
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Some proteins increase in AF individuals and may
be useful as AF biomarkers. Until now, natriuretic
peptides (B-type natriuretic peptide (BNP) and N-
terminal pro-B type natriuretic peptide (NT-
proBNP))[5,6] are some of the most promising
candidates, given their high expression in the
atrium under pressure[7], and its correlation with
atrial enlargement observed in AF[8]. However,
natriuretic peptides typically also increase in other
cardiac settings of increased filling pressure (such
as heart failure), so that other biomarkers need to
be explored. AF pathophysiology has been
described to include atrial and vascular changes,
such as inflammation, myocyte injury, collagen and
lipid infiltration. Therefore, interleukin 6 (IL-6),
Troponin-T, growth differentiation factor 15 (GDF-
15), and fibroblast growth factor 23 (FGF-23),
markers of inflammation, myocardial damage,
oxidative stress, and atrial fibrosis respectively,
have been extensively associated with AF
occurrence, recurrence, and/or AF prognosis [9].

There are other proteins, that althought the
literature concerning AF is scarcer, are interesting
candidates to be further tested. Endocan (ESM-1) is
a marker of inflammation and endothelial
dysfunction proposed as a new biomarker for the
prediction of stroke risk among patients with AF
[10]. Bone morphogenic protein 10 (BMP-10) is an
atrial-specific protein that plays an important role
in heart development and predicts AF recurrence
after ablation [11]. Angiopoietin-2 (Ang-2) is an
endothelial growth factor reported to be increased
in AF[12-14]. Dickkopf-related protein 3 (DKK-3) is
involved in heart development and cardiac
hypertrophy protection and, in AF patients,
elevated levels have been found in the atrial
appendages and in circulation [15,16]. Finally,
insulin-like growth factor-binding protein 7 (IGFBP-
7) is a marker of myocardial damage that has been
independently associated with chronic heart failure
in AF patients [17].

In the present study, we aimed to test the
performance of promising blood-biomarkers to
detect AF in two prospective cohorts: one with
asymptomatic high-risk subjects and the other with
cryptogenic stroke patients (Figure 1).

2.Material and methods

2.1. Subjects
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2.1.1. AFRICAT study

Asymptomatic individuals between 67-75 years old
with hypertension and diabetes were included in
the AFRICAT cohort [6]. Individuals with chronic
inflammatory diseases, cancer, or dementia were
excluded. AF diagnosis was assessed by a baseline
12-lead electrocardiogram (ECG), 28 days
monitoring with a wearable Holter device
(Nuubo™), and/or medical history. From the 359
patients included in the cohort, those without
blood samples (n=2), and/or short/bad quality
Holter registers from the no AF group (n=83) were
excluded. In total, 274 individuals were analyzed in
the present study. AF burden was calculated from
the Holter records as minutes being in AF divided by
the total minutes of readable records and was
expressed as a percentage. Plasma NT-proBNP
measurements were available from all the patients
included [6].

The AFRICAT study protocol was approved by the
clinical research ethics committees of IDIAP Jordi
Gol (P15/047) and Hospital Universitari Vall
d’Hebron [PR (AG) 133-2015]. All participants
signed informed consent before inclusion. The
study protocol conformed to the ethical guidelines
of the 1975 Declaration of Helsinki.

2.1.2. CRYPTO-AF study

Cryptogenic ischemic stroke patients (<72 h after
stroke) over 55 years of age were included in the
CRYPTO-AF cohort [16]. All patients underwent
complete etiological workup before the cryptogenic
stroke classification (ECG, Doppler ultrasound study
of the extracranial and intracranial arteries, routine
transthoracic echocardiography, and in-hospital
ECG continuous automatic monitoring). Patients
with known causes of stroke, previous AF,
pacemaker carriers, moderate or severe disability
after stroke (modified Rankin Scale score > 3), and
those with clinical worsening were excluded.
Patients were monitored for 28 days to detect AF
with a wearable Holter device (Nuubo™) starting
within the first 72 h from stroke symptoms. From
the 296 patients included in the cohort, 264
completed the Holter monitoring period and 218
had available blood samples which were analyzed
in the present study. The number of AF episodes
and the longest AF episode in the Holter register
were used as AF burden measures in this cohort.



Table 1. AF univariate analysis of the two included cohorts

AFRICAT CRYPTO-AF
AF No AF P- AF No AF P-
(n=34) (n=240) value (n=50) (n=168) value
Age 70 (67.5-74) 71 (68.25-73) 0.351 78 (73-83) 73 (67-81) 0.005
Sex (%female) 14 (41.2%) 117 (48.8%) 0.408 25 (50%) 83 (49.7%) 0.970
Hypertension 34 (100%) 240 (100%) 1.00 39 (78%) 128 (77.1%) 0.895
Diabetes 34 (100%) 240 (100%) 1.00 11 (24.4%) 37 (23.4%) 0.886
Ischaemic cardiopathy 9 (26.5%) 43 (17.9%) 0.234 3 (6%) 11 (6.5%) 1.000
Heart failure* 3(8.8%) 13 (5.4%) 0.431 1(2.1%) 3(2.5%) 1.000
LAVI - - - 31 (28-39) 27 (23-32.8) 0.002
LAS - - - 21.33+19.69 28.64+9.83 <0.001
90.70 33.65
BNP (pg/mi) i i i (49.87-162.30) (14.85-81.87) <0.001
380.60 112.70 425.95 215.90
NT-proBNP (pg/mi) (123.97-1285.50) (61.10-206.15) <0.001 (226-816.87) (99.09-463.85) <0.001
2367.00 2491 1896.5 1645.5
GDF-15 (pg/ml) (1329.25-3198.75) | (1633.5-3583.00) | °7° | (1521.5-2659.5) (1169.5-2356.5) 0.013
11.19 7.28
IL-6 (pg/ml) 3.64 (2.07-4.91) 3.15 (1.87-4.89) 0.334 (4.64-20.77) (2.84.15.28) 0.042
. 16.89 12.88 17.19 15.11
TroponinT (pg/mi) (11.77-23.88) (9.73-18.85) 0.011 (14.27-28.09) (10.26-20.95) 0.002
2.46 167 243 168
Ang-2 (ng/ml) (1.76-4.11) (1.37-2.14) <0.001 (1.60-3.68) (1.32-2.31) <0.001
2.24 2.06 2.26 2.05
BMP-10 (ng/mi) (1.84-2.68) (1.86-2.31) 0.079 (1.92-2.53) (1.79-2.33) 0.013
55.84 54.33 62.78 55.61
DKK3 (ng/mi) (51.05-66.29) (47.00-66.11) 0.413 (55.52-79.56) (49.37-65.10) 0.001
2087.75
1815.55 2750.00 2268.80
ESM-1 (pg/mi) (214863015457)’ (1482.70-2297.15) | %92 | (2025.17-3280.00) | (1846.80-3226.90) | 0%
167.73 148.80 134.04 134.74
FGF-23 (pg/ml) (129.75-257.84) (118.39-206.60) 0071 110.00-204.46) (102.11-185.65) 0.583
115.66 107.53 104.42 94.68
IGFBP-7 (ng/ml) (99.83-132.21) (94.91-128.29) 0.088 (85.50-116.84) (82.11-109.56) 0.052
Total NT-proBNP 1821.35 650.93 <0001 2123.50 906.18 <0001

(pg/ml)

(749.58-4434.00)

(376.97-1159.77)

(1241.72-3555.57)

(419.09-1887.40)

*Heart failure is considered when LVEF < 40% in th CRYPTO-AF study. LAVI indicates left atrial volume index; LAS, left atrial

strain.

Left atrial volume adjusted to body surface index
(LAVI, ml/ m2) was measured by biplane
transthoracic echocardiography in a subset of 152
patients and peak atrial longitudinal strain (PALS)
was evaluated by speckle tracking software (GE
EchoPAC®) in 131 patients. Plasma NT-proBNP and
BNP measurements were available from all the
patients included [5].

Written informed consent was obtained from all
participants and the study was approved (PR
(AG)49/2014) by the Ethical Committee of Vall
d’Hebrén Hospital, Valladolid Hospital, Virgen
Macarena Hospital and Virgen del Rocio Hospital, in
line with Helsinki guidelines

2.2. Biomarker quantification

Blood was collected into EDTA tubes at the time of
inclusion of each study. After centrifugation at 1500
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g and 4°C for 15 min, plasma aliquots were frozen
at -80°C until biomarker determination. Biomarkers
were centrally measured and blinded to clinical
data (Roche Diagnostics, Penzberg, Germany). GDF-
15, IL-6 and Troponin-T were measured with
commercial in vitro diagnostic immunoassays
(Roche Diagnostics). Angiopoietin-2, BMP-10, DKK-
3, ESM-1, FGF-23, IGFBP-7, and total NT-proBNP
(including both glycosylated and non-glycosylated
forms) were quantified using a research grade
prototype assay on a Cobas Elecsys €601 platform
(Roche Diagnostics GmbH, Penzberg) employing
Elecsys electrochemiluminescence technology.
More details on these biomarkers are provided in
the Supplemental Table 1.

2.3. Statistical analysis



Statistical analysis was conducted with SPSS version
20. Graphs were elaborated with GraphPad Prism 6.
Kolmogorov-Smirnov test was used to assess the
normality of the data. Data were expressed as
number (%) for categorical variables and as mean
SD or median (interquartile range) for continuous
variables, depending on the data distribution. For
univariate analysis, the Mann— Whitney U-test or
Student’s t-test were used for continuous variables,
and the x2 test was used for categorical variables.
ANOVA or the Kruskal- Wallis test were used to
compare >2 variables depending on the variable
distribution. The Spearman test was used for
correlations.

Samples below the limit of detection were
substituted by the lowest value detected minus 0.5
for the analysis. Similarly, samples above the limit
of detection were substituted by the highest value
detected plus 0.5. Outliers were defined as samples
with Z-scores of +/-3. Outliers were included in the
analysis but sensitivity analyses were performed

excluding them.

Biomarkers were log2transformed to explore their
behavior in predictive models. Forward selection
with an entry criterion of p=0.05 was applied to
select the biomarkers to enter in the logistic
regression models. Selected biomarkers were
included as continuous variables in logistic
regression models. Then, models were adjusted by
age and sex. The area under the receiving operator
curve (AUC) of the constructed models was
calculated and compared using the Delong test.
The integrated discrimination improvement index
(IDI) was used to compare their predictive capacity.

The PanelomiX algorithm [17] was used to select
thresholds for the biomarkers identified. PanelomiX
uses the iterative combination of biomarkers and
thresholds to obtain the combination that provides
the optimal classification performance. Two
optimization options were used: optimizing global
accuracy and optimizing the specificity at >90%
sensitivity. Again, logistic regression models were
created including the panels selected by PanelomiX
adjusted by age and sex.

The analyses for the selection of the best biomarker
combinations were carried out separately and
independently in each of the cohorts.
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The performance of the best biomarker
combination was compared to the performance of
biomarkers previously measured in the tested
cohorts: NT-proBNP (AFRICAT and CRYPTO-AF) and
BNP (which had higher accuracy than NT-proBNP in

the CRYPTO-AF cohort [5]).
3. Results

Baseline characteristics of each cohort and

biomarker results were reported in Table 1.

In the AFRICAT cohort, AF was detected in 34
subjects. AF cases were classified according to how
AF diagnosis was performed in 4 groups, defined by
medical history (MH) for AF, ECG findings, and
Holter AF detection: 17 MH-ECG-Holter+, 7 MH-
ECG+Holter+, 3 MH+ECG-Holter-, and 7 MH+ECG+.
Among the analyzed molecules, 4 proteins showed
significant differences comparing
asymptomatic individuals with and without AF
diagnosis (Troponin-T, Ang-2, ESM-1, and total NT-
proBNP)(Table 1 and Figure 2). None of them
showed significant differences when comparing
paroxysmal AF cases only detected during the
monitoring period (MH-ECG-Holter+) vs no AF
cases. Several proteins showed increased levels in
the AF groups with “established AF” (MH+ECG+ or
MH-ECG+Holter+)(Supplemental Figure 1). In this
cohort, AF burden information was available from
27 patients. The median AF burden was 3% [0.6%-
14%] and it correlated with FGF-23 (r=0.394,
p=0.042), and Total NT-proBNP (r=0.525,
p=0.005)(Table 2).

when

In the CRYPTO-AF cohort, AF was detected in 50
subjects. Cryptogenic stroke patients with AF had
higher levels of GDF-15, IL-6, Troponin-T, Ang-2,
BMP-10, DKK-3, and total NT-proBNP, in
comparison to those without AF (Table 1 and Figure
2). In this cohort, information about AF duration
was available for 38 patients. Median number of AF
episodes was 10 [3-34.25] and median longest AF
episode was 626.12 min [130.24 min-1409.07 min].
The number of episodes correlated with the level of
Ang-2, while the duration of the longest episode
also correlated with GDF-15, Troponin-T, IL-6, and
total NT-proBNP (Table 2). The correlations
between biomarkers and left atrial function were
reported in Table 2



Table 2. Correlations between biomarkers and measures of AF burden and left atrial function

AFRICAT CRYPTO-AF
Longest AF LAVI
AF burden Number of AF 6 i LAS
X episode (left atrial . .
(%) episodes . X (left atrial strain)
(n=27) (n=38) (minutes) volumen index) (n=131)
(n=38) (n=152)
(c:)z;:‘; ;:_%311105' r=0.137,p=0.412 | r=0.327,p=0.045 | r=0.185, p=0.023 r=-0.186, p=0.034
IL- -0.1
(v /:“) 'p_g 422’ r=0.105, p=0.529 | r=0.379,p=0.019 | r=0.145, p=0.074 r=-0.362, p<0.001
T:gs;’;'l')ﬁ ::%25792’ r=0.054, p=0.430 | r=0.344,p=0.034 | r=0.245, p=0.002 r=-0.322, p<0.001
(:;'/gr:n :_%2242‘8 r=0.395,p=0.014 | r=0.518,p=0.001 | r=0.159, p=0.051 r=-0.302, p<0.001
?::7:3 ;:_%30663 r=0.096, p=0.565 | r=0.100,p=0.550 | r=0.174, p=0.033 r=-0.275, p=0.002
(:gK/IsI) ;1%217711’ r=0.289, p=0.078 r=0.309, p=0.059 r=0.253, p=0.002 r=-0.295, p=0.001
(i‘gﬁ) r;g'gzi' r=0.185,p=0.267 | r=0.181,p=0.276 | r=0.227, p=0.005 r=-0.221, p=0.012
) =29 r=0.088, p=0.597 r=0.146, p=0. r=-0.003, p=0.967 r=-0.061, p=0.

(FPG;/"Z]?) ;_%30142 0.088, p=0.59 0.146, p=0.381 0.003, p=0.96 0.061, p=0.490
IGFBP-7 r=0.315, r=0.122, p=0.464 | r=0.071,p=0.674 | r=0.139, p=0.089 r=0.-134, p=0.127
(ng/ml) p=0.110
Total NT- r=0.525
proBNP p-=0 005’ r=0.149, p=0.373 r=0.376, p=0.020 r=0.417, p<0.001 r=-0.415, p<0.001
(pg/ml) )

Significant correlations are represented in bold

Total NT-proBNP, Ang-2, and Troponin-T were
increased in both cohorts (Table 1 and Figure 2).
When comparing the two cohorts, some
biomarkers presented differential concentration:
IL-6, DKK-3, ESM-1, Troponin-T and total NT-
proBNP increased in the CRYPTO-AF cohort, while
GDF-15, FGF-23, and IGFBP-7 decreased. These
differences were only significant between the AF
group for DKK-3 and between the no AF group for
GDF-15, Troponin-T and total NT-proBNP (Figure 2).
As the main difference between the two cohorts,
apart from the stroke itsef was the presence of
hypertension and diabetes in all the patients
included in AFRICAT cohort, the association of these
pathologies with all the biomarkers was tested in
the CRYPTO-AF cohort. GDF-15 (p<0.001),
Troponin-T (p=0.002), FGF-23 (p=0.006) and IGFBP-
7 (p=0.018) abundance was higher levels in patients
with hypertension. Moreover, patients with
diabetes had higher concentrations of GDF-15
(p=0.017) and Troponin-T (p=0.013), and lower
concentrations of ESM-1 (p=0.048).

Sensitivity analyses were conducted excluding
outliers and results were similar (Supplemental
Table 2). The only remarkable differences were in
the univariate analysis of the CRYPTO-AF cohort, in
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which IGFBP7 was significant (p=0.030) and IL-6 was
no longer significant (p=0.063).

3.1. Biomarker combinations
3.1.1. Asymptomatic high-risk subjects

Only two biomarkers were identified as
independent AF predictors: Ang-2 (OR=2.302 per
fold increase [95% Cl=1.16—-4.57], p=0.017), and
Total NT-proBNP (OR=1.708 per fold increase
[1.22-2.40], p=0.002). The model including both
biomarkers had an AUC of 0.778 [0.692— 0.865], p<
0.0001, which was better than the performance of
Ang-2 alone (AUC=0.715 [0.607-0.823], p<0.001)
(DeLong=0.026), but similar to the one of total NT-
proBNP  (AUC=0.775 [0.69-0.86], p<0.001)
(DeLong=0.22)(Figure  3). Nevertheless, the
combination of both biomarkers improved the
discrimination capacity of each biomarker alone
according to the IDI: 3.86% [0.73%-7.02%], p=0.015,
when compared to Ang-2, and 4.66% [0.84%-
8.48%), p=0.017, when compared to Total NT-
proBNP.

After the addition of age and sex into the model,
the accuracy in terms of area under the curve
improved (AUC=0.798 [0.715-0.882], p<0.001), and



patients. The panel was positive when the two
markers were above the cut-off (sensitivity, 76.5%;
specificity, 70.8%). Alternatively, a panel including

PanelomiX software as the most accurate (AUC
0.7331) for the detection of AF in asymptomatic
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A panel including Ang-2 >1.73ng/ml and Total NT-

predictors for AF detection (Figure 3 and Table 3).
proBNP>665.86 pg/mL was selected by the
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Ang-2 >2.613ng/ml and Total NT-proBNP>632.65
pg/mL, positive when one of the biomarkers was
above the cut-off had a sensitivity of 91.2% and a
specificity of 47.5% (AUC= 0.7539). The inclusion of
the biomarkers as panels to the logistic regression
models resulted in an AUC of 0.780 [0.702-0.859]
and 0.740 [0.658-0.7822] respectively (Figure 3 and
Supplemental Table 3).

3.1.1.1. Comparison to biomarkers previously
measured in the cohort (NT-proBNP)

In the AFRICAT cohort, NT-proBNP (Roche
Diagnostics) had been previously measured [6]. The
pre-commercial total NT-proBNP assay, measuring
all, glycosylated and non-glycosylated, forms of NT-
proBNP had similar AUC (0.775 [0.69-0.86]) in
comparison to conventional NT-proBNP (0.771
[0.69-86]) in the present cohort (De Long=0.807),
although conventional NT-proBNP had a better
discriminatory capacity (ID1=2.57%[0.213%-
4.92%]). Both biomarkers presented an strong
correlation (r=0.944, p<0.001)

However, when NT-proBNP was combined with
Ang-2 into the logistic regression model corrected
by age and sex, the accuracy was similar
(AUC=0.787 [0.698-0.874], P<0.001) to the one
obtained with the combination of Total NT-proBNP
and Ang-2 (DelLong=0.394)(IDI = 1.32% [-0.27%-
2.90%)).

3.1.2. Cryptogenic stroke patients

Similar to what we found in the AFRICAT cohort,
Ang-2 (OR=2.274 per fold increase [95% Cl=1.33—
3.89], p=0.003) and Total NT-proBNP (OR=1.408 per
fold increase [1.09-1.82], P =0.003) were identified
as the only biomarkers that were independent
predictors of post-stroke AF. The model including
both biomarkers had an AUC of 0.747 [0.671-
0.823], p< 0.0001, which is better than the
performance of Ang-2 alone (AUC=0.697 [0.613-
0.781], p<0.001) (DeLong=0.036), but similar to the
one of total NT-proBNP (AUC=0.719 [0.64-0.79],
p<0.001) (DelLong=0.26)(Figure 3). Nevertheless,
the combination of both biomarkers improved the
discrimination capacity of each biomarker alone
according to the IDI: 2.93% [0.51%-5.35%],p=0.017,
when compared to Ang-2, and 5.27% [1.65%-
8.89%)], p=0.004, when compared to Total NT-
proBNP.

After the addition of age and sex into the model,
the accuracy in terms of area under the curve
improved (AUC=0.753[0.681-0.825], p<0.001), and
only Ang-2 continued to be an independent
predictor for post-stroke AF (OR=2.399 per fold
increase [1.39-4.15], p=0.002)(Figure 3 and Table
3).

A panel including Ang-2 >1.26ng/ml and Total NT-
proBNP>1221.4 pg/mL was selected by the

Table 3. Logistic Regression Analyses and Additional Predictive Value of Blood Biomarkers as continuous variables in

the AFRICAT and the CRYPTO-AF cohort

AFRICAT

CRYPTO-AF

Clinical model

Clinical model (Age+ Sex)

Clinical model Clinical model (Age+ Sex)

(Age+Sex) + Biomarkers_continuous (Age+Sex) + Biomarkers_continuous
Logistic regression, OR (95% Cl)
Age 0.932 (0.833-1.042), 0.918 (0.810-1.039), 1.060 (1.619-1.103), 1.038 (0.990-1.089),
p=0.215 p=0.174 p=0.004 p=0.122
Sex 0.781 (0.374-1.633), 0.492 (0.207-1.174), 0.906 (0.473-1.734), 0.878 (0.438-1.760),
p=0.512 p=0.110 p=0.769 p=0.714
Log,Ang2 - 2.538 (1.229-5.240), - 2.399 (1.388-4.146),
p=0.012 p=0.002
Log2TotalNTproBNP 1.756 (1.248-2.471), 1.269 (0.947-1.701),
p=0.001 p=0.111
IDI statistics
Total IDI (95% Cl) 17.1% (8.56%-25.7%) 11.3% (6.36%-16.1%)
P-value 8.92*10° 6.49%10%
ROC curve
AUC 0.558 (0.445-0.670) 0.798 (0.715-0.882) 0.631 (0.550-0.712) 0.753 (0.681-0.825)
DelongTest p=0.00019 p=0.003

De Long test compared the performance of the clinical model with the biomarkers, and the clinical model alone in
each cohort. AUC indicates area under the curve; NIHSS, National Institutes of Health Stroke Scale; OR, odds ratio;

and ROC, receiver operator characteristic.



PanelomiX software as the most accurate (AUC=
0.7371) for the diagnosis of AF after stroke. The
panel was positive when the two markers were
above the cut-off (sensitivity, 76%; specificity,
70.1%). Alternatively, a panel including Ang-2
>1.26ng/ml and Total NT-proBNP>522.05 pg/mL,
also positive when both biomarkers were above the
cut-off, had a sensitivity of 90% and specificity of
46.1% (AUC= 0.681). The addition of the biomarker
panels to the logistic regression models resulted in
an AUC of 0.771 [0.708-0.834] and 0.720 [0.651-
0.789] respectively (Figure 3 and Supplemental
Table 3).

3.1.2.1. Comparison to biomarkers previously
measured in the cohort (BNP and NT-proBNP)

In the CRYPTO-AF cohort, NT-proBNP (Roche
Diagnostics) and BNP (Siemens Healthcare) had
been previously measured [5]. The pre-commercial
total NT-proBNP assay had higher AUC (0.719 [0.64-
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0.79]) than conventional NT-proBNP (0.668 [0.589-
0.747])(DeLong=0.002)(IDI=35.3%[19.1%-51.4%])
but similar to BNP (0.722 [0.645-
0.799])(DeLong=0.82)(IDI=-0.67%[-2.4%-1.06%]) in
the present cohort. Conventional NT-proBNP
(r=0.939, p<0.001) and BNP (r=0.839, p<0.001)
presented a strong correlation with the pre-
commercial assay.

Accordingly, when BNP was combined with Ang-2
into the logistic regression model corrected by age
and sex, the accuracy was similar (AUC=0.763
[0.690-0.837], P<0.001) to the one obtained with
the combination of Total NT-proBNP and Ang-2
(DeLong=0.218), but the discrimination capacity
was better (IDI1=1.38%[2.47%-0.29%]).

4. Discussion

In the present study, 10 promising AF blood-
biomarkers of various biological pathways
described for AF pathophysiology have been
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Figure 3. Receiver operating characteristic (ROC) curves of the constructed models for the two cohorts.

Panels A and B represented the performance of the models constructed for the AFRICAT cohort. Panel C and D
represented the performance of the models constructed for the CRYPTO-AF cohort. Panels A and C represented the
ROC curves including Ang-2 or Total NT-proBNP alone, and both combined as continuous variables for each cohort.
Panels B and D represented the ROC curves for the clinical model alone (Age+Sex) and in combination with the
biomarkers as continuous variables or dichotomized according to the panel with the best accuracy.

102



measured in blood samples from 492 patients of
two cohorts. The two selected study populations
included (high-risk asymptomatic individuals and
cryptogenic stroke patients) would benefit from AF
diagnosis markers.

As a result, four proteins (Troponin-T, Ang-2, ESM-
1, and Total NT-proBNP) showed increased levels in
the asymptomatic population with AF. Also, we
must highlight that the tendency for most of the
markers measured was to increase in those groups
where “AF burden” was higher (i.e. AF diagnosed by
several methodologies), while no biomarker was
able to detect paroxysmal AF in our cohort.
Complementary to the biomarker abundance
distribution among groups, correlations between
AF burden and biomarkers were calculated, but
only two biomarkers showed significant
correlations (total NT-proBNP and FGF-23).
However, we should highlight that the lack of
registers of some of the patients of the MH+ECG+
group, which would have probably presented the
highest AF burden measures, and in which
monitoring was optional, reduced the statistical
power of these correlations. These results are
supported by other studies in which biomarkers like
NT-proBNP presented higher values according to
the AF burden [20]. We may hypothesize that the
biomarker profiles observed reflected a more
“advanced” stage of the disease, with more
pathophysiological changes, such as atrial stretch
and dilatation (associated with NT-proBNP release),
taking place in patients with established AF, in
comparison to patients with paroxysmal AF.
According to a published meta-analysis, stroke risk
is lower in paroxysmal AF, but still higher than in
patients with sinus rhythm [21]. Therefore, the
difficulty of the proteins tested to identify
paroxysmal cases reduces its potential as screening
biomarkers in  asymptomatic  populations.
Conversely, almost all the proteins tested
presented significantly elevated levels in patients
with AF detected after a cryptogenic stroke,
underlining the usefulness of biomarkers in this
setting. Also, similarly to what we found in
asymptomatic individuals, NT-proBNP, together
with other biomarkers, such as Ang-2, correlated
with AF burden measures.

Taking into account all our results together, 3
proteins (Troponin-T, Ang-2, and total NT-proBNP)
presented differences in AF individuals from both

cohorts. Interestingly, Ang-2 and total NT-proBNP
were AF independent predictors in both cohorts
and therefore the most interesting proteins among
tested candidates. These biomarkers represented
different pathways affected by AF. Based on its
biology, NT-proBNP and Ang-2 suggest that both
atrial and vascular changes are present in AF
pathophysiology. On the one hand, total NT-
proBNP is released by the cardiomyocytes in
response to pressure or volume overload indicating
cardiac dysfunction [22]. NT-proBNP had been
previously presented as one of the most promising
AF biomarkers [21,23], and even validated in the
two cohorts presented here [5,6]. Interestingly, this
molecule has nine known O-glycosylation sites,
some of them located in the central region, where
most of the commercial immunoassays are
directed, making the molecule almost “invisible”
when glycosylated. Consequently, most assays only
detect a subfraction of endogenous NT-proBNP[24]
but in present study, the total NT-proBNP assay
detected both glycosylated and non-glycosylated
NT-proBNP forms. Apart from atrial changes
(reflected by NT-proBNP), Ang-2, a marker of
endothelial dysfunction, suggests that there is a
pronounced vascular remodelling in AF patients
which could add a further causality to the increased
thromboembolic risk in AF, next to the blood stasis
in the atrium generally described as major stroke
risk. The contribution of endothelial injury to the
stroke risk is further substantiated by the
observation that restoration of the rhythm by
ablation or antiarrhythmic drugs is generally not
normalizing the stroke risk[25]. From the few
studies that had explored this protein in AF
individuals, Lip et al found significantly higher levels
of Ang-2 together with other angiogenic factors,
and platelets in AF patients compared to healthy
controls, hypothesizing the role of this protein in
the AF prothrombotic state [13,14]. Ang-2 had also
been recently associated with the risk of incident AF
in the Framingham cohort[12]. Although both
biomarkers (Ang-2 and Total NT-proBNP) entered in
the logistic regression model as independent
predictors, when we compared their combined
performance versus the performance of each
biomarker alone, Ang-2 did not improve the AUC of
Total NT-proBNP according to the Delong test.
However, the discrimination capacity of the model
combining both biomarkers was better according to
the IDI. This can be explained as Delong is a more
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restrictive tool, measuring differences between
AUC, whereas IDI calculates the difference of
average probabilities between events and non-
events [26]. However, the combination of both
biomarkers should be tested in other studies to
ensure their additive results. Moreover, the
presented cut-offs, selected automatically by the
PanelomiX algorithm might serve as a reference for
replication purposes in further studies. In the
present study we only explored cut-offs optimizing
accuracy and sensitivity. The combination of both
biomarkers, if confirmed in future studies, might be
used in clinical practice to screen for AF and a high
sensitivity is aimed for screening purposes. Then, in
those cases with elevated markers, intensive
monitoring periods, and anticoagulation, in case AF
is confirmed, would be recommended as primary or
secondary stroke prevention strategies. Also, we
must highlight that all the biomarkers were
measured by automatic immunoassays which
makes the translation into the clinical practice
easier.

According to our results, total NT-proBNP
correlated with other natriuretic peptides and their
performance was similar. Also, when combined
with Ang-2 and basic clinical variables, the
natriuretic peptides previously tested presented
similar results, with only a slightly better
discriminatory capacity according to the IDI index
when combined with BNP in cryptogenic stroke
patients. These results reinforced the potential of
the combination of Ang-2 and a natriuretic peptide
as AF detection biomarkers, and its value for
potential savings when used for selecting the right
patients who deserve longer term follow-up with
ECG monitoring to detect AF.

One of the strengths of the current study is that we
measured the same proteins in two cohorts
electrocardiographically monitored during one
month, with the main difference that one
presented a previous stroke and the other did not.
Therefore, biomarker changes between cohorts
may be influenced by the index stroke. In line with
our results, IL-6, had been described to increase
after stroke as part of the post-stroke inflammatory
response with a maximum increase on day 3 [27].
Similarly, the level of NT-proBNP was known to
increase after stroke within the first two days [28].
In our study, this biomarker only showed
differences between cohorts in the group without

AF, and we may hypothesize that the effect of
stroke on NT-proBNP is not so important in AF
individuals as the biomarker is already increased in
those patients. Also, previous results showed an
increase in ESM-1 after stroke, although, in contrast
with our study, the biomarker was tested in large-
artery atherosclerotic stroke patients [29].
Moreover, differences between cohorts may be
due to their baseline differences. Essentially, all the
AFRICAT patients had hypertension and diabetes
whereas the percentage of these pathologies was
lower in the CRYPTO-AF cohort. Therefore,
biomarkers with higher levels in the first study may
be associated with these pathologies. Our results
and previous publications supported this
hypothesis for GDF-15, FGF-23, and IGFBP-7 [30—
32]. Finally, another explanation is that patients
with AF detected after stroke may have an
increased thromboembolic risk and/or a higher
degree of atrial substrate underlying AF, affecting
the expression and release of several proteins. This
hypothesis could explain the rise of biomarker
levels in the AF group of the CRYPTO-AF cohort in
comparison to the same group of the AFRICAT
cohort and could be the reason why more
biomarkers were increased in AF in this cohort in
comparison to the general population.
Furthermore, and supporting this hypothesis, most
of the biomarkers tested correlate either with LAS
or with LAVI, measures of enlargement, and
deformability of the atria, that evaluate the atrial
substrate underlying atrial fibrillation[33].

Samples in both studies were taken in a single time-
point, just before the monitoring period started.
However, longitudinal changes in these markers
may be useful to monitor the degree of atrial
substrate and search for AF[34]. Therefore, the
study of serial samples should be explored in future
studies as well their implementation into Al-based
personalised prevention strategies and medical
decisions.

The present study has several limitations that
should be mentioned. First, patients were only
monitored for 28 days. Longer monitoring periods
would probably have detected a higher amount of
AF patients [35], which were classified in the no AF
group adding background noise to the analysis.
Second, as two different cohorts were included,
some registered variables and protocols slightly
differed. This is the case of AF burden
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measurement, which in the AFRICAT cohort was
calculated as a percentage and in the CRYPTO-AF
cohort as the number of episodes and the duration
of the longest one, making the comparison difficult.
Also, we did not correct the models with other
variables beyond age and sex as these were the only
variables measured in both cohorts that did not
present missing information. As a result, although
the AUC of the models presented were very good
(between 0.7 and 0.8), the addition of other clinical
variables or biomarkers may even improve their
performance. Another limitation is that biomarkers
were selected from the literature and we can not
discard that other non tested proteins could
perform better. Finally, the number of AF patients
was limited and validation studies in larger cohorts
are needed.

5. Conclusions

Blood-biomarkers, in particular total NT-proBNP
and Ang-2, were increased in AF patients and reflect
two mechanistically different pathways involved in
AF pathophysiology (AF stretch and vascular
changes). They could be useful in AF screening
strategies in the primary care setting and for
searching AF after cryptogenic stroke.
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Supplemental Table 1: Information on the pre-commercial-assays tested

. 5 A Measurement
Biomarker Unit Description Sample
range
Ang-2 ng/mL Angiopoietin-2 Plasma EDTA 0.046-10.4
BMP-10 ng/mL Bone mmph"fg”em protein Plasma EDTA 0.012-10.1
DKK3 ng/mL Dickkopf-related protein 3 Plasma EDTA 0.025 - 150
ESM-1 pg/mlL Endocan/endotelia cell Plasma EDTA 3-20160
specific molecule 1
FGF-23 pg/mL Fibroblast growth factor 23 Plasma EDTA 4-13053
IGFBP-7 ng/mL Insulin-like growth factor- Plasma EDTA 0.4-500
binding protein 7
Total NT-proBNP pg/mL total N-terminal pro-B-type Plasma EDTA 8.34-34754
natriuretic peptide
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Supplemental Table 2: Sensitivity univariate analysis excluding outliers.

AFRICAT CRYPTO-AF
AF No AF P-value AF No AF P-value
GDF-15 2298 2439 1896.5 1623.5
(pe/ml) (1325.5-3077.00) (1623.5-3542.5) 0.295 (1521.5-2659.5) (1154.25-2256.25) 0.008
n=33 n=236 n=50 n=164
IL-6 3.64 3.13 9.95 7.12
(pe/ml) (2.07-4.91) (1.85-4.84) 0.292 (4.45-16.70) (2.74-14.66) 0.063
n=34 n=238 n=48 n=165
TroponinT 16.76 12.78 17.18 15.11
(pg/mi) (11.62-21.87) (9.68-18.53) 0.025 (14.23-27.12) (10.26-20.95) 0.004
n=31 n=233 n=49 n=167
Ang-2 2.17 1.67 242 1.68
(ng/ml) (1.65-3.00) (1.37-2.11) 0.003 (1.60-3.31) (1.31-2.29) <0.001
n=29 n=238 n=47 n=167
BMP-10 2.23 2.06 2.24 2.05
(ng/ml) (1.73-2.55) (1.86-2.31) 0.331 (1.92-2.50) (1.78-2.32) 0.014
n=31 n=240 n=49 n=165
DKK3 55.84 53.80 62.02 55.18
(ng/ml) (51.05-66.29) (46.78-65.28) 0.280 (55.51-76.23) (49.22-64.95) 0.002
n=34 n=234 n=48 n=166
ESM-1 2087 1813.90 2679.75 2247.5
(pe/ml) (1828.45-2368.95) (1480.37-2281.25) 0.018 (1969.32-3246.7) (1837.0-3148.05) 0.165
n=34 n=234 n=48 n=165
FGF-23 166.44 148.80 134.04 134.53
(ng/ml) (129.53-244.63) (118.39-206.60) 0.120 (110.00-204.46) (101.97-183.31) 0.538
n=33 n=240 n=50 n=167
IGFBP-7 115.18 107.53 104.42 94.50
(ng/ml) (99.61-124.58) (94.91-128.29) 0.233 (85.50-116.84) (8.90-107.93) 0.030
n=32 n=240 n=50 n=165
Total NT- 1492.5 630.60 2076.20 859.27
proBNP (pg/mi) (743.35-3246.5) (374.34-1153.10) <0.001 (3520.75-1238.15) (412.4-1734.22) <0.001
n=31 n=236 n=49 n=164

Values are reported as median (IQR). Sample size for each biomarker and group without outliers is indicated in the

sample

111



Supplemental Table 3: Logistic Regression Analyses and Additional Predictive Value of the Blood Biomarkers panels selected by PanelomiX in the AFRICAT and the CRYPTO-AF cohort

AFRICAT

CRYPTO-AF

Clinical model
(Age+Sex)

Logistic regression, OR (95% Cl)

Age
Sex
Biomarker panel

IDI statistics
Total IDI
(95% Cl)
P-value
ROC curve
AUC
Delong Test

0.932 (0.833-1.042),
p=0.215
0.781 (0.374-1.633),
p=0.512

0.558 (0.445-0.670)

Clinical model (Age+ Sex) +
Biomarkers_panel_accuracy

0.918 (0.814-1.035),
p=0.161
0.561 (.252-1.251), p=0.158

9.125 (3.846-21.85),
p<0.001

12.1% (7.69%-16.4%)
6.16*108

0.780 (0.702-0.859)
P=0.00009

Clinical model (Age+ Sex)+
Biomarkers_panel_sensitivity

0.915 (0.814-1.028),
P=0.134
0.657 (0.303-1.426),
P=0.288
10.426 (3.074-35.353),
p<0.001

8.16% (5.63%-10.7%)

2.49%10%°

0.740 (0.658-0.822)
P=0.00002

Clinical model
(Age+Sex)

1.060 (1.619-1.103),
p=0.004
0.906 (0.473-1.734),
p=0.769

0.631 (0.550-0.712)

Clinical model (Age+ Sex) +
Biomarkers_panel_accuracy

1.032 (0.987-1.078),
p=0.165
0.752 (0.372-1.520),
p=0.427
6.54 (3.051-14.032),
p<0.001

12.0% (7.56%-16.3%)
9.57*10®

0.771(0.708-0.834)
p=0.00018

Clinical model (Age+ Sex)+
Biomarkers_panel_sensitivity

1.045 (1.002-1.091),
p=0.042
0.802 (0.407-1.582),
p=0.524
6.614 (2.459-17.794), p<0.001

7.42% (4.39%-10.5%)
1.59*10

0.720 (0.651-0.789)
p=0.0075

The biomarker panels included in the model were those selected by the PanelomiX tool optimizing accuracy or sensitivity. For the AFRICAT cohort the panel optimizing accuracy included Ang-
2 >1.73ng/ml and Total NT-proBNP>665.86 pg/mL (positive when the two markers were above the cutoff) and the one optimizing sensitivity included Ang-2 >2.613ng/ml and Total NT-
proBNP>632.65 pg/mL (positive when one of the biomarkers was above the cut-off). For the CRYPTO-AF cohort the panel optimizing accuracy included Ang-2 >1.26ng/ml and Total NT-
proBNP>1221.4 pg/mL, and the one optimizing sensitivity included Ang-2 >1.26ng/ml and Total NT-proBNP>522.05 pg/mL, considered positive when the two markers were above the cut-off.

IDI and De Long test compared the performance of the clinical model with the biomarker panel, and the clinical model alone in each cohort.

AUC indicates area under the curve; NIHSS, National Institutes of Health Stroke Scale; OR, odds ratio; and ROC, receiver operator characteristics

112



113






Association of blood-based biomarkers with cerebral lesions and cognitive decline in
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Background and Objectives: Atrial fibrillation (AF) has been associated with an increased risk of silent brain
infarcts (SBI), even in patients with low embolic risk. We aimed to test the usefulness of 11 promising blood-
biomarkers representing different AF-related pathways to identify SBI in patients with AF and low embolic
risk. Methods: The present study followed a cross-sectional design and included patients with available
blood samples from a previously reported cohort study. 70 patients with a history of AF and a CHADS2 score
<1, and 10 controls with neither AF nor SBI were included. All patients underwent a 3T brain magnetic
resonance imaging (MRI). Cortical and large subcortical ischemic lesions were considered presumed
embolic origin lesions. Results: 45 patients presented SBI in the MRI, and 25 did not. Ang-2, FGF-23, and
BMP-10 were increased in patients with SBI. BMP-10 was the only biomarker that predicted SBI (OR=4.98
[1.10-22.63], p=0.037). Ang-2 was elevated only in patients with embolic infarcts, whereas FGF-23 and BMP-
10 tended to be elevated in patients with both types of infarcts. Conclusions: BMP-10, FGF-23, and Ang-2
were increased in patients with SBI. Its usefulness should be further explored.

1. Introduction with a high field 3T magnetic resonance imaging

(MRI), and might be considered of high risk [10].
Atrial fibrillation (AF) is the most common

arrhythmia and its estimated prevalence increases
with age. AF increases the risk of ischemic stroke 3-

Blood-based biomarkers might reflect the
pathophysiological changes underlying AF and have

to 5-fold and is the cause of approximately 25-30%
of all ischemic strokes [1-4]. AF has also been
postulated as a cause of silent brain infarcts
(SBI)[5,6], which are defined as cerebral infarcts
observed on neuroimaging in the absence of any
neurological symptoms referable to the
corresponding area. Recent controlled studies have
documented an increased risk of first stroke among
those with SBI. For this reason, SBI should be
considered as a risk factor and an initial
manifestation of cerebrovascular disease, and not
only as an incidental finding [7,8]. At present, the
most commonly used tools to estimate the embolic
risk in patients with AF are CHADS2 and
CHA2DS2VASc scores [9]. However, a significant
percentage of patients with AF and low embolic risk
according to these scores present SBI if scanned

been proposed as useful tools to identify AF and
predict their progression and complications, such as
stroke or peripheral embolisms, and have shown to
improve the predictive ability of clinical risk scores
such as the CHADS2 and CHA2DS2VASc scores [11].
The present study aims to test the usefulness of 11
promising blood-biomarkers representing different
AF-related pathways to identify SBI in patients with
AF and low embolic risk.

2. Methods
2.1. Study population

The present study followed a cross-sectional design
and included patients with available blood samples
from a previously reported cohort study [10].
Patients diagnosed with non-valvular AF between



February and May 2015, with CHADS2 score <1, and
age equal to or greater than 50 years from the
Seville urban area were included. Patients were
excluded when they had a medical history of
previous stroke, transient ischemic attack (TIA), any
other neurological disease, or cancer; if brain MRI
was contraindicated due to pacemaker or other
condition, or if they were taking oral
anticoagulation (OAC) for stroke prevention. A 3T
MRI was performed at inclusion. Healthy controls
without AF or SBI matched by age and sex were
included in the study.

The study protocol and consent forms were
approved by the Ethics Committee of Virgen del
Rocio  University Hospital (reference  no.
2014P1/162-1), and all participants gave written
informed consent.

2.2. Neuroimaging protocol

All MRI scans were performed with the same Philips
Ingenia 3.0T MRI scanner (Philips Healthcare, Best,
Netherlands). MRI protocol included: sagittal three-
dimensional T1-weighted gradient echo (1 mm slice
thickness), sagittal three-dimensional T2-weighted
fat-suppressed FLAIR (1 mm slice thickness), axial
two-dimensional T2*-weighted gradient echo (5
mm slice thickness), and axial two-dimensional
diffusion-weighted imaging [DWI, (b0, b1000, ADC
map), 3 mm slice thickness]. All scans were
independently assessed twice by two of the four
neuroradiologists enrolled in the investigation. The
radiologists’ experience in neuroradiology ranged
from 4 to 16 years. Previous reports were blinded
to avoid bias. If there was disagreement concerning
a lesion, it was resolved by consensus between at
least three of the neuroradiologists. Detection of
SBI was the primary outcome of the study. The
complete protocol has been previously described
[10].

Briefly, SBI were first divided into acute/subacute
lesions and chronic lesions according to signal
presentation on DWI. We further subclassified
every lesion according to the location and
morphology into: cortical lesions (involving the
cortex and adjacent subcortical gray matter),
subcortical lesions (both lacune foci and larger
lesions limited to subcortical white matter), basal
ganglia lesions (both lacune foci and larger lesions
involving deep gray nuclei), brainstem lesions, and
cerebellar lesions. In cortical, subcortical, troncular,
and cerebellar areas, any ischemic chronic lesion
must show cavitation on FLAIR, but we accepted
central hyperintensity on FLAIR imaging without

cavitation and low signal on T1-weighted images in
deep gray matter lesions, as reported on the STRIVE
neuroimaging reporting guidelines [12].

Cortical and large subcortical infarcts were
considered of presumed embolic origin. We used a
>3 mm threshold to consider any lesion as focal SBI.
To differentiate them from focal enlarged
perivascular spaces (PVS), we also analyzed the
presence of complete surrounding FLAIR
hyperintensities and their morphology.

2.3. Biomarker quantification

Blood was collected into EDTA tubes at the time of
inclusion. After centrifugation at 1500 g and 4°C for
15 min, plasma aliquots were frozen at -80°C until
biomarker determination. Biomarkers were
centrally measured (Roche Diagnostics, Penzberg,
Germany). Growth differentiation factor 15 (GDF-
15), Interleukin-6 (IL-6), N-terminal pro-brain
natriuretic peptide (NT-proBNP), and Troponin-T
were measured with commercial in vitro diagnostic
tests (Roche Diagnostics). Angiopoietin-2, bone
morphogenic protein 10 (BMP-10), dickkopf-
related protein 3 precursor (DKK-3), endothelial cell
specific molecule 1 (ESM-1), fibroblast frowth
factor 23 (FGF-23), insulin like growth factor binding
protein 7 (IGFBP-7), and total NT-proBNP (including
glycosylated and non-glycosylated forms) were
quantified using a research grade prototype assay
on a Cobas Elecsys €601 platform (Roche
Diagnostics GmbH, Penzberg) employing Elecsys
electrochemiluminescence technology.

2.4. Statistical analysis

Statistical analysis was conducted with SPSS version
21. Graphs were elaborated with GraphPad Prism 5.
Kolmogorov-Smirnov test was used to assess the
normality of the data. Data were expressed as
number (%) for categorical variables and as mean +
SD or median (interquartile range) for continuous
variables, depending on the data distribution. For
univariate analysis, the Mann— Whitney U-test or
Student’s t-test were used for continuous variables,
and the x2 test was used for categorical variables.
ANOVA or the Kruskal- Wallis test were used to
compare >2 variables depending on the variable
distribution. The Spearman test was used for
correlations.

The number of patients with available blood
samples determined the sample size.

Samples below the limit of detection were
substituted by the lowest value detected minus 0.5



for the analysis. Similarly, samples above the limit
of detection were substituted by the highest value
detected plus 0.5.

The predictive behaviour of individual biomarkers
was tested using logistic regression models. Then,
predictive biomarkers were entered in a
multivariable logistic regression model adjusted by
age and sex, and variables associated with SBlin our
cohort.

3. Results

In total, 80 recruited patients with blood samples
were included in the present study (10 controls and
70 AF patients). Regarding the AF classification, 50
patients had paroxysmal AF, 5 had persistent AF
and 15 had permanent AF. Among AF patients, 45
were diagnosed with SBI and 25 did not. Table 1
shows the clinical characteristics of the included
patients.

From the 11 proteins analyzed, 4 presented
significant differences when comparing AF vs no AF
individuals: GDF-15 (1310.50 pg/ml [903.67-
1750.75] vs 930.60 pg/ml [590.07 vs 1051.00],
p=0.005), IGFBP-7 (98.63 ng/ml [88.00-109.80] vs
87.07 ng/ml [71.29-98.49], p=0.015), NT-proBNP
(218.25 pg/ml [76.82-525.5] vs 47.41), and Total
NT-proBNP (1162.65 pg/ml [546.06-2198.72],
p=0.001). Also, Ang-2 (1.85 ng/ml [1.39-3.17] vs
1.39 ng/ml [1.19-1.93], p=0.067), and Troponin-T
(8.83 pg/ml [7.08-12.86] vs 7.10 [5.63-8.72],

p=0.055) tended to have increased levels in AF
patients (Figure 1).

The concentration of some proteins varied
depending on AF classification, usually with higher
levels in permanent and persistent AF forms.
Interestingly GDF-15, IGFP-7, NT-proBNP, and Total
NT-proBNP also showed higher levels in paroxysmal
AF when compared to no AF in the present cohort
(Supplemental Figure 1).

Regarding the diagnosis of SBI, Ang-2 (1.97 ng/ml
[1.54-3.26] vs 1.49 ng/ml [1.23-2.84], p=0.041), and
FGF-23 (171.97 ng/ml [125.75-245.87] vs 126.22
ng/ml [108.63-176.66], p=0.032) had significant
increased level in comparison to patients without
SBI, and BMP-10 showed a tendency (1.97 ng/ml
[1.71-2.13] vs 2.10 ng/ml [1.83-2.34], p=0.051).
Also, several proteins showed increased level when
comparing AF patients with SBI vs patients without
AF (Figure 1). There were no differences in our
cohort regarding the presence of SBI between
different types of AF (p=0.719).

BMP-10 was the only biomarker that predicted SBI
(OR=4.98 [1.10-22.63], p=0.037). When entered in
a multivariable logistic regression model corrected
by age and sex, BMP-10 was the variable showing
the highest association, not reaching significance
(OR=4.84[0.99-23.67], p=0.051). This model had an
AUC of 0.645 [0.514-0.776], p=0.045 (Supplemental
Figure 2).

Table 1: Clinical characteristics of the PARIAS cohort according to AF and SBI diagnosis

No AF

AF no SBI

All (n=80) (n=10) AF SBI (n=45) (n=25) P-value* P-value®
Age 67.64+7.20 63.8+6.53 68.78+7.49 67.1246.54 0.128 0.357
Sex (% female) 34 (43%) 4(44.4%) 19 (42.2%) 11 (44%) 0.986 0.885
Tobacco 0.775 0.502
Non-smoker 66 (83.5%) 8 (88.9%) 36 (80%) 22 (88%)
Smoker 11 (13.9%) 1(11.1%) 8 (17.8%) 2 (8%)
Ex-smoker 2 (2.5%) 0 (0%) 1(2.2%) 1(4%)
Alcohol 23 (29.1%) 1(11.1%) 16 (35.6%) 6 (24%) 0.268 0.318
Peripheral vascular 2 (2.5%) 0(0%) 1(2.2%) 1(4%) 0.791 1.000
disease
Hypertension 38 (48.1%) 3(33.3%) 21 (46.7%) 14 (56%) 0.485 0.454
Diabetes 8(10.1%) 1(11.1%) 4(8.9%) 3 (12%) 0.913 0.694
Dyslipidemia 32 (40.5%) 4(44.4%) 21 (46.7%) 7 (28%) 0.303 0.127
Congestive Heart 1(1.3%) 0 (0%) 0(0%) 1(4%) 0335 0357
failure
Renal failure 1(1.3%) 0 (0%) 1(2.2%) 0 (0%) 0.682 1.000
Previous stroke 0 (0%) 0 (0%) 0 (0%) 0 (0%) 1.000 1.000
Anticoagulation 0 (0%) 0 (0%) 0 (0%) 0 (0%) 1.000 1.000
Antiplatelets 56 (73.7%) 0 (0%) 35 (77.8%) 21 (84%) <0.001 0.533
AF type 0.719 0.719
Paroxysmal 50 (62.5%) 0 (0%) 32 (71.1%) 18 (72%)
Persistent 5 (6.3%) 0 (0%) 4 (8.9%) 1(4%)
Permanent 15 (18.8%) 0 (0%) 9 (20%) 6 (24%)

Comparison between the three groups: NoAF vs AF SBI vs AF no SBI #Comparison between AF SBI vs AF no SBI
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Figure 1: Boxplot distribution of the biomarker circulating levels in the PARIAS cohort.

Boxes extend from the 25th to 75th percentiles. The line in the middle is plotted as the median. Whiskers are drawn
according to Tukey methodology (+1.5 IQR) and larger values are plotted as individual points. *p-value<0.05. #p-

value<0.1

Proteins increased in patients with SBI were further
analysed according to the infarct profile. 24
patients had at least one SBI with an embolic
profile, and 21 presented a non-embolic profile.
Ang-2 was only significantly elevated in patients
with embolic infarcts in comparison to no SBI
patients. FGF-23 and BMP-10 tended to be elevated
in patients with both types of infarcts. However,
none of the biomarkers showed differences
between embolic and non-embolic profiles (Figure
2).

4.Discussion

The present study showed interesting candidates
related to subclinical brain infarcts in AF in a cohort
of 70 AF patients with low embolic risk according to
a clinical score (CHADS2 < 1). Specifically, BMP-10,
FGF-23 and Ang-2 should be further explored.

Although it was not the main aim of the study, GDF-
15, IGFBP-7 and NT-proBNP (total and
glycosylated), were associated with AF. The lack of
significant differences between AF and control
patients for other biomarkers previously described

may be due to the reduced size of the control
sample [11,13]. Interestingly, the biomarker profile
of most of the proteins depended on the AF
classification: NT-proBNP (non-glycosylated and
total), Troponin-T, Ang-2, and BMP-10 showed
significantly higher levels in permanent and/or
persistent forms of AF.

In recent years, numerous studies have explored
biomarkers associated with the risk of clinical
cerebrovascular disease in AF patients. For
example, the ABC stroke risk score proposed by
Hijazi et al included NT-proBNP and Troponin-T to
predict stroke in AF patients [14]. In contrast,
although AF has been associated with the
occurrence of SBI [6], few studies have explored
biomarkers to detect them [15]. Identification of
useful biomarkers in this regard would be of great
interest, especially in populations with low embolic
risk like the one presented here, in which
anticoagulant treatment benefits are not as evident
as in higher risk patients. It is known that a high
proportion of patients considered as low risk by
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clinical scores would present SBI in MRI, with its
increased risk of overt stroke, and may benefit from
more aggressive prevention strategies [16].
However, MRI is an expensive tool that cannot be
performed to all AF patients, and biomarkers could
be used to identify a population subset to target
high field MRI screening. In this sense, according to
our results, Ang-2, FGF-23, and/or BMP-10, which
showed higher levels in patients with SBI, could be
promising biomarker candidates. Ang-2 is an
endothelial growth factor involved in angiogenesis,
inflammation, and endothelial dysfunction, which
have been previously associated with incident and
ongoing AF [13,17,18]. In our study, we confirmed
the elevated levels of Ang-2 in AF patients, in
comparison to controls. Also, we observed
increased levels in patients with AF and SBI,
especially in patients with embolic infarct type,
indicating that this protein may be a marker of the
thromboembolic risk of AF. In this sense, it has been
previously suggested that Ang-2 may play a role in
the AF prothrombotic state [19,20]. Also, a similar
association between Ang-2 and SBI was described
by Kriskai et al [15]. In their study, other biomarkers
associated with SBI were also found, which we did
not validate (e.g., NT-proBNP, GDF-15, Troponin-
T...). The reason for obtaining different results may
be that our cohort only included patients with
CHADS2 <1. FGF-23 is a bone-derived hormone that
regulates phosphate homeostasis and vitamin D
metabolism. Although the mechanism by how FGF-
23 and AF are related is not clear, this protein has
been associated with incident and prevalent AF
[21,22]. Similar to what we found, in the Northern
Manhattan Study, a community-based stroke-free
cohort, FGF-23 was associated with subclinical
brain infarcts. What is more, in both studies FGF-23
was associated with WMH, indicating its role in SVD
[23]. Finally, BMP-10 is a cardiac-specific protein
involved in heart development [24]. BMP-10 has
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been described to increase in AF patients and
predict AF recurrence after ablation [25,26]. To our
knowledge, the relation of this protein with brain
lesions had never been explored. In our study it was
the only protein able to predict SBl in an unadjusted
logistic regression model, with a trend towards
significance after adjusting for age and sex.
Contrary of what we found by Ang-2, BMP-10 and
FGF-23 tended to increase in both, embolic and
non-embolic SBI, which may reflect other
pathophysiological mechanisms beyond the
thromboembolic capacity of AF.

The present study has several limitations. First, the
limited sample size restricted the statistical power,
and the present results should be validated in larger
studies. Also, patients without AF and presence of
SBI were not included in the present study and
therefore, we cannot confirm if some of the results
obtained are independent of the presence of AF.
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Supplemental Figure 1: Boxplot distribution of the biomarker circulating levels in the PARIAS cohort according to AF

classification.

Boxes extend from the 25th to 75th percentiles. The line in the middle is plotted as the median. Whiskers are drawn

according to Tukey methodology (+1.5 IQR) and larger values are plotted as individual points. *p-value<0.05. #p-

value<0.1
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Supplemental Figure 2: Multivariable logistic regression model to predict SBI in patients with AF.

In the left panel, the odd ratio (OR), 95% confidence interval (Cl) and P-value of each variable included in the model is
indicated. In the right panel, the ROC curve of the model including BMP-10, age and sex is illustrated.
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Discussio

Malgrat saber que la FA és una de les principals causes de I'ictus i que la medicacié anticoagulant
en redueix el risc, la identificacié d’aquesta patologia, i la correcta estratificacié dels pacients
que es podrien beneficiar d’aquests tractaments continua sent un repte. En aquest sentit,
I’'objectiu de la investigacio continguda en la present tesi ha estat estudiar si I’Us de biomarcadors
sanguinis podria ajudar a resoldre alguns d’aquests reptes, optimitzant aixi les estratégies de

prevencié primaria i secundaria de l'ictus.

4.1. Reptes en el cribratge de fibril-lacié auricular. La
incorporacié dels biomarcadors.

Tal com s’ha comentat al llarg de la tesi, la deteccié de FA en fase asimptomatica permetria iniciar
tractaments preventius amb el potencial de reduir ictus i morts. Malgrat aixo, el principal repte
en la implementacié d’un cribratge de FA és la naturalesa paroxistica de I'arritmia. Es a dir, tot i
que la realitzacié d’un ECG puntual permetria detectar alguns casos, I'abséncia d’un episodi de
FA en un moment concret no descarta que instants abans o després el pacient n’hagi pogut patir
un. La utilitzacié de biomarcadors sanguinis s’"ha proposat com a una eina util en el cribratge de
FA, ja que, a diferéncia de les técniques electrocardiografiques, els biomarcadors podrien
teoricament presentar algun tipus de “memoria biologica”, mantenint-se elevats fora dels

episodis de FA.

Per estudiar el paper dels biomarcadors en el cribratge de FA hem realitzat I'estudi AFRICAT,
dividit en dues fases, en el que pacients entre 65 i 75 anys amb hipertensid i diabetis eren
monitorats durant 30 dies amb un dispositiu Holter per detectar nous casos de FA. En I'article 1
de la present tesi es van escollir biomarcadors préviament descrits en la literatura i es van testar
en la sang dels 100 pacients inclosos en la fase 1 de I'estudi, suggerint la utilitat de NT-proBNP
en la deteccié de FA, de forma similar a altres estudis previs.'33135 En aquest estudi, NT-proBNP
amb un punt de tall de 95 pg/ml presentava una alta sensibilitat, fins i tot per detectar FA
paroxistiques (definides en I'estudi com aquells casos detectats Unicament durant el

monitoratge amb el dispositiu Holter).

En I'article 2, la mateixa cohort de pacients es va utilitzar per identificar nous biomarcadors de
deteccié de FA que poguessin complementar NT-proBNP. Es va seguir un disseny similar al
presentat en I'apartat 1.3.2 de la introduccid, integrant fases de descobriment, verificacio i
validacid. Aixi, els millors candidats de les fases de descobriment i verificacié, es van intentar

validar, juntament amb NT-proBNP, en els 259 pacients inclosos en la fase 2 de I’estudi AFRICAT.
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Com a resultat, en aquest article vam validar NT-proBNP com a biomarcador de deteccio de FA,
pero la seva utilitat a I’'hora d’identificar casos de FA paroxistica va resultar ser limitat al tenir en
compte la cohort completa. De fet, tot i que la sensibilitat obtinguda amb els punts de tall
proposats en l'article 1 es va mantenir, quan s’analitzava tota la cohort, en l'article 2,
I'especificitat va disminuir. Per altra banda, cap dels biomarcadors provinents de I'estudi de

descobriment no van ser capacgos de millorar el rendiment de NT-proBNP.

La principal diferéncia entre les dues fases de |'estudi va ser la inclusié de pacients amb historia
prévia de FA en la fase 1 per tal d’incrementar la poténcia estadistica en el descobriment de
biomarcadors. En canvi, en la fase 2, aquest es va considerar un criteri d’exclusié, i, per tant, la
prevalenca de FA va disminuir. La impossibilitat de validar alguns resultats de la fase préevia pot
ser degut al fet que la majoria de FAs en la fase de validacio eren paroxistiques i aquestes eren
dificils de detectar per part dels biomarcadors testats. A més, el percentatge de pacients en el

grup control era major, capturant millor la variabilitat de la poblacid.

Per tal de complementar els dos articles previs i seguint en la recerca de biomarcadors que siguin
utils en el context de I'atencid primaria, en I'article 5 es va avaluar en la cohort AFRICAT el
potencial Us clinic de panells incloent proteines representatives de varies vies relacionades amb
la FA. Com a resultat, es va descriure la combinacié de NT-proBNP i Ang-2 com a candidats a

utilitzar en el cribratge de FA en pacients asimptomatics d’alt risc.

Respecte NT-proBNP, en I'estudi poblacional STROKESTOP Il s’avalua I'Us aquest biomarcador
amb un punt de tall de 125 pg/ml com a eina per estratificar els pacients en el context d’un
cribratge sistematic, i oferir un cribratge extens només a aquells d’alt risc.1%® Els resultats de
I'analisi preliminar d’aquest estudi indiquen que seguint aquesta estratégia es detecta un
percentatge similar de FAs al que s’obté quan els pacients no es seleccionen i tots realitzen ECGs
puntuals durant dues setmanes (estratégia seguida per I'estudi STROKESTOP 1).13* El seguiment
de 5 anys d’aquest estudi ens proporcionara més informacié sobre si aquesta estrategia redueix

el risc d’ictus.

Cal destacar que, a la practica clinica, els casos més interessants a identificar amb biomarcadors
son les FA paroxistiques, ja que son aquells pacients dificils de ser detectats amb altres
metodologies. En els articles 2 i 5 es mostra que els valors circulants d’algunes proteines
augmenten en pacients amb una carrega de FA alta, pero que trobar un biomarcador capag

d’identificar FA asimptomatica amb poca carrega és més dificil. No obstant, els resultats de
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I'estudi LOOP fan reflexionar sobre si un cribratge dirigit a la cerca d’episodis curts de FA

subclinica val la pena, ja que el benefici de la terapia anticoagulant en aquests casos no és clara.”’

Fins al moment, no s’ha intentat implementar cap estrategia de cribratge a Catalunya, a part
d’algunes accions promovent la deteccié de FA com pot ser la campanya de Pren-te el pols.”
Més enlla de I'analisi de biomarcadors, en I’article 2 s’explica com I'estudi AFRICAT ha permes
explorar la logistica d’un cribratge sistematic en tres territoris catalans obtenint molts
aprenentatges que podran ser utils en el futur disseny d’altres estudis. Per exemple, el
monitoratge amb un dispositiu Holter ha permes identificar durant la primera setmana el 80%
de casos de FA que es detectarien en el seguiment d’'un mes. Aquesta dada és important perque
tot i que altres estudis han demostrat que el percentatge de deteccié de FA augmenta amb la
duracid, la dispersid i la freqiiéncia del monitoratge,”® en el context d’un programa de cribratge
calen seguiments més curts que permetin optimitzar el cost-benefici, i disminuir el desconfort
dels pacients. També, en I'article 2 s’ha testat i discutit I'Us de 4 dispositius rapids de deteccid
de FA. A diferencia d’un ECG, aquests dispositius sén rapids d’utilitzar i tenen algoritmes
d’interpretacidé incorporats, fet que en simplifica I'Us per part de personal sense formacio
especifica en interpretacid de ECG. En el nostre estudi, MyDiagnostick i Watch BP varen ser els
dispositius amb més bons resultats a nivell d’especificitat i sensibilitat per detectar FA en una
sola visita en comparacido a un ECG. De tota manera, el ventall de dispositius disponibles
actualment és molt gran i a I'hora de seleccionar el més adequat cal tenir en compte, a part de
la seva fiabilitat, les seves particularitats, aixi com el context en el qual s’usara.” El dispositiu
més adequat no sera el mateix per un estudi de cribratge sistematic seqliencial que per un
cribratge oportunista, o si la utilitzacio sera per part del mateix pacient al seu domicili davant la

preséncia de simptomatologia.

Tenint en compte els nostres resultats, es podria dissenyar un programa de cribratge similar al

proposat en la Figura 9 per la nostra poblacid, el cost-benefici del qual s’hauria d’analitzar.
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Figura 9: Proposta de cribratge sistematic

4.2. L’Us de biomarcadors per identificar FA després d’'un
ictus.

Després d’un ictus sense causa aparent encara resulta més obvia la necessitat de buscar una
possible FA per tal d’iniciar una prevencié secundaria optima com més aviat millor i evitar
recurrencies. En la practica clinica la majoria de centres monitoren els pacients durant 24 o 72
hores seguint les recomanacions de la ESC,3” perd tot i aixd calen eines per identificar quins
pacients es beneficiarien de monitoratges més llargs de forma immediata, i en aquest punt els

biomarcadors poden jugar un paper important.

En P'article 3 s’ha explorat la utilitat dels péptids natriurétics en la prediccié de FA paroxistica
durant el primer mes després d’un ictus criptogénic. Tant BNP com NT-proBNP tenen un mateix
precursor i se secreten en concentracions equimolars en resposta a I'estrés sobre les parets del
muscul cardiac. Tot i aixi, les diferencies en la vida mitjana i els mecanismes d’eliminacié
d’aquestes molecules poden comportar diferencies en el seu comportament com a
biomarcadors. Segons els nostres resultats, els dos biomarcadors son bons predictors de FA pero
BNP seria millor en termes d’especificitat. Tot i que és dificil explicar aquests resultats, podem
pensar en algunes hipotesis. Per exemple, la concentracié de NT-proBNP, com a conseqiiéncia

d’una vida mitjana més llarga de la molecula, es podria veure més influenciada per altres
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condicions, tant cardiaques com no cardiaques, i fins i tot per I'ictus en si mateix. Per altra banda,
degut a la seva rapida eliminacid, nivells alts en circulaci6 de BNP poden ser el reflex d’'una
secrecid continua per part dels cardiomiocits, conseqiencia de la disfuncié auricular que es
produeix en la FA. Tot i aixi, aquests resultats s’han d’interpretar amb cautela tenint en compte
que la diferencia entre els dos marcadors no és molt notoria i que els resultats s’"han obtingut en
una cohort limitada. No obstant, a nivell practic, aquests resultats es traduirien en el fet que els
dos peptids sén bons candidats per utilitzar a I’hora de descartar els pacients que amb poca
probabilitat presentaran FA i que no caldria monitorar. En canvi, en situacions en les quals cal un
biomarcador amb alta especificitat, per exemple, per prioritzar quins pacients es beneficiarien
d’un monitoratge prolongat immediatament després de l'ictus, o fins i tot, seleccionar pacients
candidats a anticoagulacié, BNP seria un millor candidat. De totes maneres, al ser dos marcadors
similars, molts centres utilitzen de forma rutinaria un o altre, i la possible translacié clinica en
cada hospital estara influenciada per la tecnologia implementada en les seves instal-lacions. A
més, en relacidé amb la seleccid de pacients que es beneficiarien d’anticoagulants, s’estan
realitzant els assaigs clinics ARCADIA 114 i MOSES '° que estan testant I’s de péptids natriurétics
concrets (NT-proBNP i MR-proANP) per aquesta indicacio. Si aquests assajos mostren resultats
positius segurament I'ds d’aquests biomarcadors seran els que més s’estendran en la practica

clinica.

Tot i el potencial dels péptids natriurétics per predir FA en ictus criptogénics, la capacitat
predictiva no és perfecte i continua existint la necessitat d’identificar nous biomarcadors per
complementar-ne el seu Us. Amb aquest objectiu, en I’article 4 s’ha dut a terme un experiment
de descobriment utilitzant la tecnologia dels aptamers que ha permés analitzar més de 1310
proteines simultaniament. Tot i que en aquesta fase de descobriment, vam identificar varis
possibles biomarcadors candidats amb p-valors similars a les proteines ja validades BNP i NT-
proBNP, al intentar validar-los en una cohort més extensa, la majoria van resultar ser falsos
positius. De fet, I"Unic biomarcador validat va ser DPP7 que mostrava valors més baixos en els
pacients amb FA. Aix0, juntament amb el fet que altres membres de la seva familia s’hagin
relacionat amb I’aterosclerosis,*3” sembla indicar que aquest marcador podria estar relacionat
amb una possible etiologia arteriosclerotica en els pacients criptogenics sense FA. Una altra
hipotesi seria que DPP7 tingues un rol en la fisiopatologia de la FA disminuint-ne el risc. De totes
maneres, existeix poca informacié respecte a aquesta proteina i en cas de confirmar els nostres

resultats seria interessant explorar-ne el seu mecanisme d’accié. A part, caldria continuar
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explorant el seu potencial com a biomarcador aixi com la seva utilitzacié conjunta amb altres

biomarcadors com els péptids natriuretics.

Per altra banda, en l'article 5 es va avaluar el potencial Us clinic de panells de proteines
representatives de vies relacionades amb la FA en la mateixa cohort de pacients amb ictus
criptogenics. De forma similar al que es va descriure per pacients asimptomatics, la combinacié
de Ang-2 juntament amb BNP (o altres péptids natriurétics), presenta una capacitat predictiva

forga bona, sense arribar a ser optima.

Cal comentar que en aquesta tesi ens hem centrat en la cerca de FA després d’un ictus
criptogenic/ESUS, ja que la FA paroxistica s’ha descrit com una de les causes freqlients no
identificades darrere aquest tipus d’ictus.®! De tota manera, la cerca de FA podria ser també
beneficiosa en pacients amb ictus d’etiologia identificada, que també presenten un alt
percentatge de FA després de monitoratges llargs.*3® Al final, un cop s’identifica la FA en un
pacient, si aquesta era la causa del ictus index és irrellevant perque la malaltia en si mateixa
comporta un risc, i la causa d’un ictus recurrent pot variar del ictus inicial.'*® Aquesta és una de
les limitacions de molts dels sistemes de classificacio de |'etiologia de I'ictus com el TOAST, en el
qgue en descriure una causa probable de l'ictus ja no s’exploren la resta de causes que poden
coexistir en un mateix pacient i contribuir en el risc futur de recurréncia. ldealment, aquestes

s’haurien d’adrecar de forma individualitzada seguint un esquema de medicina personalitzada.

4.3. Les dificultats en els estudis de descobriment de nous
biomarcadors de FA. El paper de la cardiomiopatia atrial.

Tal com s’ha explicat fins al moment, en els articles 2 i 4 d’aquesta tesi s’han realitzat estudis de
descobriment de nous biomarcadors candidats de FA. El disseny experimental cas-control dels
dos estudis va ser similar, pero la diferéncia és que la poblacié estudiada no era la mateixa: en

I’article 2 s’incloien pacients asimptomatics, i en I’article 4 pacients amb ictus criptogenics.

Cal destacar que en els dos estudis es va utilitzar la tecnologia SOMAscan basada en els aptamers
de DNA, una técnica que competeix directament amb altres plataformes protedmiques com
poden ser els panells d’anticossos o la tecnologia PEA de la companyia Olink.**® Els aptamers
utilitzats en la plataforma SOMAscan reben el nom de SOMAmers, i sén oligonucleotids de
cadena simple modificats amb residus hidrofobics, que els confereixen una estructura
tridimensional amb afinitat per unir-se de forma selectiva a proteines diana. Aquesta técnica ens
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ha permes mesurar milers de proteines en una mateixa mostra, cobrint un ampli rang dinamic, i
superant aixi algunes de les limitacions amb les quals s’enfronten els immunoassaigs

multiplexats o I'espectrometria de masses.'*®

En tots dos estudis, pero, s’han obtingut escassos resultats i la validacié dels candidats en fases
posteriors ha revelat un gran nombre de falsos positius. La falta de validacié dels estudis de
descobriment no és res nou, i és també un dels principals desafiaments en la cerca de nous
biomarcadors en altres malalties.’'® Una de les principals raons rere la falta de validacid i
reproductibilitat entre els experiments de descobriment de biomarcadors és la limitada mida
mostral, problema intrinsec d’aquest tipus d’estudis en que les metodologies continuen tenint
un alt cost. Per tal d’identificar biomarcadors interessants amb un nombre limitat de mostres
s’utilitzen grups emparellats que difereixen Unicament en la condicié d’interés. Llavors, a
I’'augmentar el nombre d’individus per grup en fases posteriors i capturar millor la variabilitat de
la poblacid, molts d’aquests candidats, que no son especifics per la malaltia en qliestid, deixen
de ser bons biomarcadors. A més, no podem descartar que la falta de validacid en els nostres
estudis sigui degut a la disparitat de resultats entre les tecniques emprades en el descobriment
i la validacid. Tot i no ser un fenomen generalitzat, s’ha descrit que algunes proteines presenten
correlacions baixes entre els resultats obtinguts amb tecniques basades en els aptamers i els
immunoassaigs convencionals, i fins i tot entre diferents tipus d’immunoassaigs.!*'*' La
reactivitat creuada, la interacciéd amb diferents epitops, i la cooperativitat negativa sén algunes

de les explicacions rere la falta de concordancga entre métodes per algunes proteines en concret.

A part de les problematiques inherents en la identificacié i desenvolupament de nous
biomarcadors, en el cas de la FA s’afegeixen altres dificultats a causa de la complexitat de la
malaltia. Com s’explica a continuacio, tractar la FA com una entitat binaria (presencia o abséncia)
és una visié simplista. En primer lloc, se sap que com més llargs fossin els monitoratges, més
pacients amb FA detectariem.” Per tant, tot i que amb un monitoratge d’un mes, com el que
hem realitzat en els nostres estudis, aconseguim detectar una gran quantitat de casos, no podem
descartar que els casos classificats com a no FA puguin patir un episodi el dia després que
finalitzem el seu seguiment, fet que els faria canviar de grup. En segon lloc, la carrega de FA
també pot jugar un paper important. Pel que hem vist en els estudis presentats en aquesta tesi,
diversos biomarcadors s’eleven en individus amb molta carrega de FA, pero és dificil trobar
biomarcadors que identifiquin FAs paroxistiques, fet que ens fa qiiestionar quin tipus de casos

hauriem d’incloure en els estudis de descobriment. A l'incloure només FAs establertes
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segurament ens seria més facil identificar biomarcadors elevats, pero ens podriem trobar que
aquests fossin dificils de validar en una poblacié d’individus amb FA paroxistica tal com ens ha
passat en P'article 2. En aquest cas vam incloure pacients amb FA permanent en la primera fase
de I'estudi per tal d’augmentar el poder estadistic perd quan es van testar alguns d’aquests
biomarcadors candidats (ST-214? | TIMP-2143144) en |a segona fase de I'estudi, en la que només

incloiem FA paroxistiques, els resultats no es van poder validar.

Per ultim, cada cop pren més forga la teoria que la FA no només és un factor de risc, siné un
indicador més de la cardiomiopatia auricular subjacent que per si sola pot augmentar la
susceptibilitat a I'ictus. Aquesta teoria permet explicar algunes paradoxes de la relacié entre la
FA i l'ictus, com per exemple la dissociacid temporal entre els episodis de FA i I'aparicid
d’ictus,>>1% o el fet que les estratégies de control del ritme no en disminueixin significativament
el risc.’*® A més, varis marcadors de disfuncid auricular s’han associat al risc d’ictus,
independentment de la preséncia de FA.¥*” En conseqiiéncia, s’hauria de treballar en buscar
biomarcadors sanguinis capacos d’identificar, no només la FA, sind també el substrat patologic

subjacent.

En aquest sentit, i aprofitant que els pacients de I'article 4 estaven molt ben fenotipats, es va
realitzar un estudi explorant proteines circulants que podrien estar associades a la
cardiomiopatia atrial. En aquest estudi, es van utilitzar els parametres ecocardiografics LAVI (de
I'anglés left atrial volum index), i PALS o strain (de I'anglés peak atrial longitudinal strain),
explorant la seva correlacié amb proteines circulants. Un valor elevat de LAVI ens indica una
auricula dilatada, mentre que un valor baix de PALS s’interpreta com una auricula amb poca
contractilitat. Els dos parametres estan intimament relacionats i es poden emprar per
caracteritzar la cardiomiopatia atrial.!*® Com a resultat, en aquest article descrivim algunes
proteines circulants que s’associen amb la cardiomiopatia atrial. De forma interessant, NT-
proBNP és una proteina que s’eleva en la FA i també en la cardiomiopatia atrial, mesurada tant
pel LAVI com pel PALS. Pero a part d’aquesta proteina, en el nostre estudi no obtenim cap més
resultat en comuq, i curiosament, moltes més proteines es veuen alterades en pacients amb PALS
baix, en comparacié a LAVI alt. Aix0 pot indicar que la remodelacid que provoca un
deteriorament de la contractilitat auricular altera un nombre més gran de proteines que aquells
canvis que provoquen un augment del volum de I'auricula. En estudis previs s’ha vist que les
mesures del strain auricular sén més sensibles que les mesures volumetriques per predir la FA, i

que la disfuncioé de I'auricula esquerra pot precedir i/o ser independent a canvis anatdmics com
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la seva dilatacio.'* De totes maneres, a I'hora d’interpretar aquests resultats cal tenir presents
les limitacions del nostre estudi, entre les quals destaquen la reduida mida mostral i el fet que
I'experiment no fos dissenyat inicialment per fer aquest tipus d’analisis sind per comparar
pacients amb preséncia o abséncia de FA. Per tant, tal com ja es comenta en Iarticle 4, aquest

estudi s’ha de considerar generador d’hipotesis.

Més enlla d’identificar biomarcadors, les tecniques -Omiques ens permeten fer analisis de vies i
tenir aixi una visiéo més amplia de la fisiopatologia d’'una malaltia. Amb I’objectiu de revelar vies
que podien tenir un paper en la FA i la cardiomiopatia auricular, en I'article 4, es va realitzar un
analisis bioinformatic seguint un pipeline publicat.!3? Com a resultat, descrivim vies relacionades
amb la senyalitzacié dels limfocits i les quimiocines, regulades a I'alga en pacients amb FA, i
corroborem la importancia préviament descrita de la resposta inflamatoria en la FA.2*0 Altres
exemples de vies que trobem sobrexpressades sén la senyalitzacié dels factors de creixement,
que també es pot relacionar amb la resposta inflamatoria, o amb la fibrosi que es produeix al
cor,'* i el transport de calci, que és essencial per al correcte funcionament eléctric del cor.>® Pel
que fa a la cardiomiopatia auricular, I'analisi bioinformatic va revelar moltes vies desregulades
en pacients amb funcio auricular alterada, que es podrien classificar principalment en processos

de transduccié de senyals, metabolisme, resposta immune i hemostasia.

Cal comentar, que en altres estudis s’han explorat altres tipus de mostres biologiques com el
teixit atrial.’>2 Aquests estudis ens poden donar informacio sobre la patogénia de la FA perd no
ésviable I'obtencid invasiva d’aquest tipus de mostres a gran escala, especialment en en pacients
sense patologia. La sang, en canvi, és una mostra facilment accessible i a la vegada, tot i la seva
complexitat i heterogeneitat, és un reflex de les alteracions moleculars que que succeeixen en

altres parts del cos.

4.4. Comparacio del potencial Us clinic de biomarcadors
candidats en diferents etapes de la FA

En els articles 5 i 6 hem testat un panell representatiu de 10 proteines que s’han relacionat, en
menor o major mesura, amb la FA. Aquest es va analitzar en tres cohorts, les quals exemplifiquen
diferents situacions/etapes de la malaltia en les que els biomarcadors podrien ser dtils, algunes
de les quals ja hem descrit: pacients asimptomatics amb alt risc de FA, pacients després d’un

ictus criptogenic, i pacients amb FA diagnosticada considerats de baix risc embolic. L’objectiu era
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proporcionar una visio global del paper que juguen aquestes proteines en la malaltia i el seu

potencial Us clinic.

Les proteines escollides englobaven marcadors inflamatoris (IL-6 i GDF-15), de disfuncid
endotelial (Ang-2, ESM-1), d’estrés/dany cardiac (NT-proBNP, Troponina-T, BMP-10, DKK-3,
IGFBP-7), o de fibrosis (FGF-23), totes vies relacionades amb la FA. Algunes proteines, com NT-
proBNP o Troponina-T, eren biomarcadors ampliament estudiats i s’havien associat amb
I'ocurréncia, la recurréncia, o el pronodstic de la FA.%° Altres, tot i que menys explorats en la

literatura, podien ser candidats interessants segons els resultats d’alguns estudis puntuals.t>3~

160 A més, tots els biomarcadors es van mesurar amb immunoassaigs automatitzats, fet que en

facilitaria la translacio clinica en un futur.

En I'article 5, ens vam focalitzar en explorar el rol d’aquestes proteines en la deteccid de FA, en
pacients asimptomatics i en pacients que haguessin patit un ictus. Com hem comentat en els
apartats anteriors, la deteccid de FA en aquestes situacions permetria que els pacients es
beneficiessin de medicacid anticoagulant per prevenir futurs ictus. En canvi, en I'article 6, en el
que s’inclouen pacients amb FA ja diagnosticada considerada de baix risc embolic, vam estudiar
el paper d’aquestes proteines en la deteccid de lesions cerebrals silents. La identificacié
d’aquestes lesions augmentaria el risc embolic dels pacients en qliestid, fent-los aixi també

possibles beneficiaris de tractaments anticoagulants.

Part dels resultats de I’article 5 s’han discutit en apartats anteriors. Tanmateix, cal destacar, que
una de les fortaleses d’haver mesurat el mateix panell de proteines és la possibilitat de comparar
els resultats obtinguts entre cohorts. Després d’un ictus es produeix una resposta local i
sisttmica que provoca molts canvis pel que fa a proteines circulants.’®%162 Per tant, el
comportament d’alguns biomarcadors en la deteccié de FA pot no ser el mateix en pacients
asimptomatics que després d’un ictus, a causa de la influencia de l'ictus en si mateix. Per
exemple, s’ha descrit 'augment d’algunes de les proteines testades com IL-6,'%3 NT-proBNP, 6%
0 ESM-1'%3 després de un ictus, de forma similar al que nosaltres observem. També, les
diferéncies basals de les cohorts poden influir. Per exemple, tots els pacients de la cohort
AFRICAT tenien hipertensio i diabetis com a comorbiditats, mentre que el percentatge
d’aquestes patologies era menor en el cas de la cohort CRYPTO-FA. La influéncia d’aquestes
patologies en alguns biomarcadors com és el cas de GDF-15, FGF-23, i IGFBP-7 pot explicar que

T 165-

aquests estiguin més elevats en la cohort AFRICA 167 Finalment, una altre explicacié podria
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ser que els pacients amb FA detectada després d’un ictus tinguessin un pitjor substrat patologic,
amb una major afectacio en I'expressio de certes proteines. Aquesta hipotesi podria explicar les
concentracions més altes que trobem d’algunes proteines (ex. DKK-3), en els casos de FA
detectada després d’un ictus en comparacid als individus amb FA asimptomatica. Tot i les
diferéncies entre les dues cohorts, Ang-2, NT-proBNP, i Troponin-T presentaven nivells més alts
en els pacients amb FA de les dues. Confirmant els nostres resultats, en la cohort PARIAS de
I’article 6 aquests tres biomarcadors també tenien concentracions més elevades en pacients
amb FA, toti que en el cas de Ang-2 i Troponin-T aquesta diferéncia no arribava a ser significativa
i es quedava en una tendéncia. Aix0 pot ser degut a la reduida mostra del grup control sense FA
inclosa en aquest estudi, ja que la cerca de biomarcadors de deteccié de FA no n’era I'objectiu
principal. Cal tenir en compte també que la cohort PARIAS té moltes menys comorbiditats que

la resta de cohorts ja que els criteris d’inclusié d’aquest estudi eren pacients amb CHADS,<1.

De tots els marcadors estudiats, Ang-2 i NT-proBNP destaquen com els candidats més
interessants per detectar FA, ja que es comporten com a predictors independents en les dues
cohorts de I'article 5. Les dues proteines representen vies diferents afectades per la FA. Per una
banda, Ang-2 és un marcador de disfuncié endotelial. Aquesta proteina s’ha associat amb el risc
de FAincident, i nivells elevats s’han descrit en pacients amb FA cronica en comparacio a pacients
en ritme sinusal.1>>**%1> pe fet, s’ha hipotetitzat el rol d’aquesta proteina en I'estat
protrombotic de la FA.1*3%° En relacié amb aquest punt, cal destacar que en I'article 6 observem
que Ang-2 esta més elevada en els pacients que tenen infarts silents, en concret en aquells de
tipus embolic, donant forca a aquesta hipotesi. Per altra banda, NT-proBNP s’allibera per part
dels cardiomiocits en resposta una sobrecarrega de pressié o volum en el muscul cardiac.% Tot
i que I'addicié d’Ang-2 no millora I’AUC de NT-proBNP, aquesta proteina si que té un valor
predictiu addicional segons I'index IDI. A més, en aquest estudi, el software PanelomiX ha inclos
ambdues proteines en un panell diagnostic que ha calculat diferents punts de tall depenent de
la cohort. Cal puntualitzar que I'algoritme del PanelomiX és molt influenciable a observacions
individuals, especialment si en la mostra hi ha outliers, i, per tant, cal interpretar els punts de tall
seleccionats com una referencia per futurs estudis de replicacié. En resum, tot i que les dues
proteines representen vies diferents i els nostres resultats indiquen una possible

complementarietat com a biomarcadors, aquesta s’hauria d’explorar en altres estudis.

Per la deteccio de FA, en aquesta tesi hem estudiat diferents formes del peptid natriurétic tipus

B: BNP, NT-proBNP, i total NT-proBNP (el qual detecta formes glicosilades i no glicosilades). Les
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tres molécules correlacionen i tenen rendiments similars. De fet, un cop es combinen amb Ang-
2 i variables cliniques basiques, obtenim resultats similars pels tres peptids, només amb una
lleugera millora en el cas de BNP pel que fa als pacients després d’un ictus, en linia amb el que
obteniem en l'article 2. En pacients asimptomatics, BNP no s’ha mesurat, i, per tant no podem

saber quin seria el seu comportament.

Un cop la FA es detecta, cal avaluar-ne el potencial embolic i determinar si el pacient en qiestio
es podria beneficiar d’anticoagulants orals. En els ultims anys s’han explorat I'Us dels
biomarcadors sanguinis a I’'hora d’avaluar el risc dels pacients amb FA, i un exemple d’aixo son
les escales ABC proposades per Hijazi et al.}121%8 De moment, perd, tal com s’ha comentat en la
seccié 1.2.1 de la introduccio, aquesta decisié és du a terme amb I'ajuda d’escales cliniques
d’estratificacié del risc com el CHADS; o el CHA,DS,-VASc. Aixi i tot se sap que un alt percentatge
de pacients considerats de baix risc segons aquestes escales presentarien infarts silents si se’ls
realitzes una ressonancia magnética d’alt camp.®® En aquest cas, el risc tedric augmentaria i
aquests pacients es podrien beneficiar d’anticoagulants. En I'estudi 6, descrivim que Ang-2, FGF-
23 i BMP-10 estan més elevats en pacients amb infarts silents, i, per tant podrien ser
biomarcadors candidats per identificar quins pacients necessitarien una RM a I'hora d’avaluar el
tractament de prevencié de l'ictus més adequat. FGF-23 i Ang-2 s’han relacionat amb infarts
cerebrals subclinics en altres estudis'®®'’°, mentre que és la primera vegada que, al nostre
coneixement, s’explora aquesta relacié en el cas de BMP-10. Tot i aixi, el potencial d’aquestes
proteines com a biomarcadors no esta clar ja que només BMP-10 és predictor en un model de
regressio logistica, pero deixa de ser-ho al ajustar per sexe i edat. A més, no podem saber la rad
per la qual aquestes proteines s’eleven, és a dir, si tenen un rol en el potencial tromboembolic
de la FA o, si, per contra en sén una conseqiiéncia i és la presencia de lesions silents que en

produeix un augment.

4.5. Perspectives de futur

En els proxims anys, en el context de la deteccié i maneig de la FA, els biomarcadors podrien
servir per prendre decisions cliniques com si un pacient té alt risc de patir FA i cal monitoritzar-
lo més prolongadament, si cal realitzar-li una RM per avaluar el seu risc embolic, o fins i tot si cal
anticoagular-lo. De tota manera, encara no estem en aquest punt i primer cal identificar quins
son els biomarcadors més adequats per cada una d’aquestes indicacions. Al llarg d’aquesta tesi

hem avaluat I'Gs de biomarcadors ja descrits en la bibliografia en indicacions cliniques concretes,
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alhora que realitzavem estudis de descobriment de nous biomarcadors que poguessin

complementar als que ja existien.

En prevencid primaria, aquesta tesi ha fet palesa la dificultat per trobar biomarcadors que siguin
capacos de detectar la FA paroxistica en pacients asimptomatics, reduint el potencial d’aquests
com a eines de cribratge poblacional. De tota manera, el seu Us combinat amb altres eines com
els dispositius rapids es podria explorar. En canvi, hem demostrat el potencial diagnostic dels
biomarcadors sanguinis després d’un ictus criptogenic. Cal comentar que en els cribratges
poblacionals el cost benefici de realitzar monitoratges prolongats no esta demostrat.”” Per
contra, després d’un ictus el benefici sembla més clar, tot i que no per tots els pacients.8%138 En
aquest context, per tant, els biomarcadors podrien ser una eina util pels clinics a I’hora de decidir
quins pacients cal prioritzar en la col-locacié de dispositius Holters o implantables per realitzar
seguiments més prolongats. Fins i tot, en un futur, alguns biomarcadors podrien ser utils per
indicar un tractament anticoagulant sense necessitat d’evidéncia electrocardiografica de FA. A
més, la combinacid d’aquests marcadors amb altres que fossin capagos de diagnosticar etiologies
freqlients en ictus criptogénics, com per exemple la preséncia de placa ateroesclerotica no
estenosant, facilitaria I'adopcié d’una estrategia de medicina personalitzada en el tractament
secundari dels ictus criptogénics.'’* De fet, en un futur, segurament es desenvolupin algoritmes
capacos de calcular la probabilitat de FA arrel de la combinacié de biomarcadors de tipus
sanguini com els estudiats en la present tesi, amb variables cliniques, i biomarcadors de tipus
electrocardiografics facils de mesurar. Aquest tipus d’algoritmes es podrien aplicar en pacients
amb ictus criptogénics, pero també en atencid primaria com a alternativa a I'aproximacié

seqiiencial proposada anteriorment.

De totes les proteines estudiades en aquesta tesi, els peptids natriuretics son els candidats més
prometedors per diagnosticar FA. Tot i que el comportament de les diferents formes del péptid
natriuretic tipus B sén similars, en la cerca de FA després d’un ictus, BNP podria mostrar una
especificitat lleugerament millor a la de NT-proBNP. De totes maneres, els resultats dels estudis
MOSES i ARCADIA en els proxims anys seran un punt d’inflexid pel que fa a I'Us dels peptids

natriurétics en la practica clinica. 1?4115

La patofisiologia de la FA és complexa i multifactorial, amb multiples vies implicades. Per tant, la
combinacié de biomarcadors representatius de diferents vies podria millorar-ne els resultats
individuals. En aquesta tesi proposem explorar en un futur la combinacié d’un marcador de dany
endotelial com Ang-2 amb un marcador d’estrés cardiac com soén els péptids natriuretics.
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De tota manera la prediccido d’aquests biomarcadors segueix sense ser Optima per la seva
implantacié en la practica clinica i existeix molt marge de millora. Per tant, caldria continuar fent
un esforg¢ per identificar nous biomarcadors interessants que, a més, ens podrien ajudar a

coneixer la patofisiologia de la FA i la seva relacié amb la patologia cerebrovascular.

De fet, una de les principals limitacions a I’'hora d’identificar nous biomarcadors per a la deteccié
de FA és la falta de caracteritzacid i coneixement de la malaltia, aixi com I'absencia d’un gold-
standard per diagnosticar-la. A la vista dels nostres resultats, per tant, cal discutir com s’haurien
de dissenyar els futurs estudis de descobriment de biomarcadors. Caldria tractar la FA com una
variable continua (tenint en compte la carrega de FA), en lloc d’una variable binaria (preséncia o
abseéncia de FA)? O caldria dividir els grups en funcié de si tenen o no cardiomiopatia atrial, en

lloc de si tenen un registre electrocardiografic de FA?

En el context de la prevencié de I'ictus, més enlla del diagnostic de FA, cal comptar amb una bona
caracteritzacio del risc embolic dels pacients per determinar quina és la millor estratégia de
prevencio. En aquest sentit, actualment Gnicament es fan servir escales cliniques com el CHADS,
o el CHA,DS;,-VASc. Cal plantejar si la realitzacio de proves complementaries com la RM podrien
facilitar la caracteritzacié dels pacients amb FA. Tot i proporcionar-nos informacio interessant,
de moment, biomarcadors sanguinis com BMP-10, Ang-2 o FGF-23, no presenten una bona
capacitat de classificacié per decidir quins pacients s’haurien de sotmetre a aquestes

exploracions addicionals. Per tant, cal continuar la investigacié en aquest ambit.

El seguiment longitudinal de les cohorts incloses en la present tesi o altres de similars també ens
permetria coneixer el potencial dels biomarcadors testats no només per diagnosticar sind per
predir la FA i les seves complicacions. A més, també seria interessant la determinacio dels
biomarcadors en diferents temps per veure si els canvis longitudinals d’aquests ens poden donar

més informacié de la que ens dona una Unica mesura en un moment determinat.

Finalment, seria interessant poder incorporar aquelles molecules que demostrin la seva utilitat
clinica en dispositius de mesura rapida de tipus POC (especialment en el cas del cribratge).
Alternativament, al no tractar-se d’una condicié aguda, seria igualment util incorporar la
quantificacié d’aquests biomarcadors en autoanalitzadors o altres técniques automatitzades que
es poden trobar en els circuits diagnostics dels laboratoris de la majoria d’hospitals. Cal destacar
gue en la present tesi ens hem centrat en |'estudi de biomarcadors proteics en sang ja que la

translacio clinica d’aquest tipus de biomarcadors és més facil amb la tecnologia actual. De totes
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maneres, no descartem que en un futur altres molecules com el RNA codificant o no codificant

es puguin utilitzar en aquest context.
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Conclusions

Les conclusions de la present tesi son les seglients:

1. Els biomarcadors sanguinis estudiats no tenen suficient capacitat diagnostica per
detectar casos de FA paroxistica en pacients asimptomatics, reduint-ne el potencial com
a eines de cribratge poblacional. No obstant, un cribratge seqiiencial combinant la
utilitzacié de biomarcadors sanguinis i dispositius rapids podria ser viable, el cost-
benefici del qual s’hauria d’avaluar en un futur.

2. Tant BNP com NT-proBNP sén predictors de FA diagnosticada durant el primer mes
després d’un ictus criptogenic. A més, en la nostra cohort, BNP presenta millors
resultats, especialment en termes d’especificitat.

3. L'estudi de l'expressid proteica diferencial en sang de pacients amb preséncia o
absencia de FA després d’un ictus ha revelat multiples proteines i vies que podrien tenir
un rol en aquesta patologia. D’aquestes, DPP7 presenta concentracions més baixes en
pacients amb FA i el seu paper com a biomarcador d’etiologia de l'ictus s’hauria
d’explorar. Tot i aixi, aquesta aproximacié produeix molts falsos positius i
alternativament, proposem tenir en compte el concepte de cardiomiopatia atrial
utilitzant parametres ecocardiografics per descobrir nous biomarcadors i vies, una
estrategia que es podria utilitzar en estudis futurs.

4. Lacombinacié de biomarcadors representatius de vies relacionades amb la FA podrien
ser Utils en diferents etapes de la malaltia. En concret, la combinacié d’Ang-2, marcador
de dany endotelial, i un péptid natriurétic, marcador d’estrées cardiac, podria ser util pel
diagnostic de FA tant en pacients asimptomatics com després d’un ictus. Per altra
banda, marcadors com BMP-10, Ang-2 o FGF-23 sén candidats interessants per detectar

lesions silents en pacients amb FA i baix risc embolic.
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