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Primera Resolucié parcial definitiva de la convocatoria de doctorats industrials (DI)

2018.

Fets

1.

La Resolucié EMC/307/2017, de 17 de febrer (DOGC nuim. 7324 —- 8.3.2017) aprova
les bases reguladores de doctorats industrials (DI).

La Resolucié EMC/591/2018, de 26 de marg, modifica la Resolucié EMC/307/2017,
de 17 de febrer, per la qual es modifica la Resolucié EMC/307/2017, de 17 de
febrer, per la qual s'aproven les bases requladores de doctorats industrials (DI).

La Resolucié EMC/964/2018, d'11 de maig (DOGC nam. 7622 - 18.5.2018), obre la
convocatdria de doctorats industrials (D) 2018 (ref. BDNS 398838).

En data 25.6.2018 es publica al DOGC num. 7649 la Correccié d'Errades a la
Resolucié EMC/964/2018, d'11 de maig.

El 17 de juliol de 2018 es reuneix la comissié de seleccié de la convocatdria de
doctorats industrials (DI) 2018.

Fonaments de dret

1.

Es d'aplicacié la Llel 38/2003, de 17 de novembre, general de subvencions | el Reial
decret 887/2006, de 21 de juliol pel qual s'aprova el Reglament de la Liei 38/2003,
de 14 de novembre.

El capitol IX del Decret legislatiu 3/2002, de 24 de desembre, pel qual s'aprova el
Text refés de la Llei de finances publiques de Catalunya, regula el régim juridic de
les subvencions | les transferéncies de la Generalitat de Catalunya.

La base 15.1 de la Resolucid EMC/307/2017, de 17 de febrer, preveu que es
podran dictar resolucions parcials definitives en les dates que es faran constar a la
convocatodria corresponent.

L'article 5.2 de la Resolucié EMC/964/2018, d'11 de maig, estableix el seglent:
“ Es preveu dictar tres resolucions parcials definitives en les dates segients:

Primera resolucié parcial: primera quinzena de juliol de 2018.
Y

La base 11 de la Resolucié EMC/307/2017, de 17 de febrer, estableix que I'drgan
instructor dels expedients és el director executiu o directora executiva de I'AGAUR.
La resolucié de concessid correspon al Consell de Direccid de 'AGAUR |, per
delegacio, a la CEAR o la persona que n‘ocupa la presidéncia, i a la CEAU o la

.l“. Generalitat de Catalunya

i Departament d'Empresa

i Coneixement
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persona que n'ocupa la presidéncia, segons l'acord del Consell de Direccié de 5 de
desembre de 2002 (Resolucié UNI/73/2003, de 14 de gener, DOGC num. 3808, de
27.1.2003).

6. El president de la Comissié Executiva d'Ajuts Universitaris | el president de la
comissié Executiva d'Ajuts de Recerca, en I'lGs de les funcions que els han estat
delegades pel Consell de Direccié de I'Agéncia, en sessid de 5 de desembre de
2002, i vista la proposta de resolucié definitiva formulada pel director executiu de
I'AGAUR de data 4 d'agost de 2018,

Resolen:

1. Concedir els ajuts que es detallen en el document adjunt: Sol-licituds Concedides,
per un import de 1.493.088,00€ a carrec de les partides 440.0001, 449.0001,
470.0001 i 482.0001 del pressupost de TAGAUR per als anys 2018, 2019 | 2020, en
el marc de la convocatdria de doctorats industrials (DI) 2018, en els termes que s'hi
fan constar.

2. Sotmetre 'atorgament dels ajuts al compliment per part dels seus destinataris de les
condicions i obligacions previstes a la Resolucié EMC/307/2017, de 17 de febrer,
per la qual s'aproven les bases reguladores de doctorats industrials (DI), a la
Resolucié EMC/591/2018, de 26 de marg, que modifica la Resolucid
EMC/307/2017, de 17 de febrer, | a la Resolucié EMC/964/2018, d'11 de maig per la
qual s'obre la convocatdria de doctorats industrials (DI) 2018.

Contra aquesta resolucid, que exhaureix la via administrativa, es pot interposar un recurs
potestatiu de reposicié davant el president de la Comissié Executiva d'Ajuts Universitaris |
el president de la Comissié Executiva d'Ajuts de Recerca de 'AGAUR, en el termini d'un
mes, a comptar des de I'endema de la seva publicacié al tauler electronic de I'Administracid
de la Generalitat de Catalunya, o bé& es pot interposar directament recurs contenciés
administratiu davant el jutjat contenciés administratiu de Barcelona, en el termini de dos
mesos, a comptar des de I'endema de la seva publicacio al tauler esmentat, de conformitat
amb el que preveuen els articles 123 | 124 de la Llel 39/2015, d't d'octubre, del
Procediment Administratiu Comu de les Administracions Publiques, | els articles 8, 14 | 46
de la Llel 29/1998, de 13 de juliol, reguladora de la jurisdiccié contenciosa administrativa.

Signat a Barcelona.
P. d (Resolucié UNI/73/2003, de 14 de gener, DOGC de 27.1.2003)
CPISR-1 C JOSep < o Fubwosrsns Joan Gomez Pallarés
Pallards Marzal basoimmya sossit Barcelona
A A 2018.09.10 12:5937 40200'
El president de la Comissié Executiva El president de la Comissié Executiva
d'Ajuts Universitaris d'Ajuts de Recerca
Josep Pallarés Marzal Joan Gémez Pallarés

Generalitat de Catalunya
Departament d'Empresa
i Coneixement
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IDIAP

JordiGol

[ INFORME DEL COMITE ETIC D'INVESTIGACIO CLINICA |

Rosa Morros Pedrés, Presidenta del Comité Etic d'Investigacié Clinica de I'DIAP Jordi Gol.

CERTIFICA:

Que aquest Comite en la reunié del dia 26/09/2018, ha avaluat el projecte Mejorando las estrategias para la
prevencion de impacto en la fibrilacion auricular desconocida. amb el codi P18/118 presentat per I
investigador/a Josep Lluis Clua Espuny.

Considera que respecta els requisits etics de confidencialitat | de bona practica clinica vigents.
2D
B s

Barcelona, a 29/09/2018

11



UNIVERSITAT ROVIRA I VIRGILI
NEW PATHWAYS FOR EARLY IDENTIFICATION OF ATRIAL FIBRILLATION IN THE COMMUNITY
Juan Ballesta Ors

. Index

12



UNIVERSITAT ROVIRA I VIRGILI

NEW PATHWAYS FOR
Juan Ballesta Ors

EARLY IDENTIFICATION OF ATRIAL FIBRILLATION IN THE COMMUNITY

O 1T 1< GRS PO P URP PPN 12

1. List of abDreviations..........cccooiiiiiii e 14

2. List Of tables and fIQUIES........ooiiii e e 16

K R 1 8 o 18 Tod o] XSSP PRRP 18

3.1. Atrial Fibrillation Epidemiology .........ccoceoieiiieriiiieiieeeeeeee s 19

3.2. Risk of stroke and associated comorbidities..........c.ccoovvvvrninrinene i 20

3.3. Global burden of atrial fibrillation and economic COSt............cccovevveririnnne. 23

3.4. The need for screening/case fiNding...........cccoooviiieeieiiiieiece e 25

3.5. Summary of studies regarding screening for atrial fibrillation..................... 28

A, HYPOTNESIS. ...ttt 34

. ODJECTIVES. ... 36

5.1. Primary OBJECHIVES. ..o 37

5.2. Secondary ODJECHIVES.........cciiiiiiiiieiee e 37

6. Material and MEtNOAS. ..o 38

7 RESUITS. ...t b et e bbb 44

ST B Tol U 1] o] o FO ST PSPRRR 51

TR Ofo] Tod 113 o] o TSSOSO PP 57

10. FULUFE reSEarCh PrOJECES.......cviiieciecie ettt 59

I LC =T T TSRS 61

Y o] o 1=T o [ ST U PP U PR P PP VPPN 72
12.1. Figures

12.1.1. Figure 1 WHO attributes of a good screening program.............. 73

12.1.2. Figure 2 Screening tools. EHRA consensus document................ 74

12.1.3. Figure 3 New SCreening deViCeS.........ccvveveevieieeiieeieeseesveeie e 75

12.1.4. Figure 4 Current guidelines in Primary Care............c.cccceueeneee. 77

12.1.5. Figure 5 Systematic vs opportunistic screening for AF............... 78

12.1.6. Figure 6 Atrial fibrillation Pathway (AFOSS Study, 2020)......... 79

12.2. Table
12.2.1 Table 1 Summary of Studies Regarding Screening for Atrial
T o] 11 U1 o] o PSSR 81
12.3. Articles
12.3.1. First article: Results, Barriers and Enablers in Atrial Fibrillation
Case Finding: Barriers in Opportunistic Atrial Fibrillation Case Finding — A Cross-
SECHONAI STUAY.....cviiii et s re e sre e re e e 92
12.3.2. Second article: N-Terminal Pro B-Type Natriuretic Peptide’s
Usefulness for Paroxysmal Atrial Fibrillation Detection Among Populations With
CardiovasCular RISK FACLOIS. ........cc.viueiieiicieieee et eee e sie e sre e sneenneas 99

13



UNIVERSITAT ROVIRA I VIRGILI
NEW PATHWAYS FOR EARLY IDENTIFICATION OF ATRIAL FIBRILLATION IN THE COMMUNITY
Juan Ballesta Ors

1. List of abbreviations

14



UNIVERSITAT ROVIRA I VIRGILI
NEW PATHWAYS FOR EARLY IDENTIFICATION OF ATRIAL FIBRILLATION IN THE COMMUNITY
Juan Ballesta Ors

1. List of abbreviations

AF: Atrial Fibrillation

CCP: Complex Chronic Patient

ClI: Confidence interval

COPD: Chronic Obstructive Pulmonary Disease

CV: Cardiovascular

DOAC: Direct Oral Anticoagulants

EAP: Primary Care Team

ECAP: Computerized Clinical Record in Primary Care
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VWEF: Von Willebrand factor
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3. Magnitude of the problem:

3.1. Atrial Fibrillation Epidemiology

Atrial fibrillation (AF) is the most common sustained heart rhythm disorder [1].
It has become an epidemic condition that constitutes a serious public health problem with
a heavy impact on sanitary costs. Its prevalence will increase in the coming decades due
to an ageing population (in Europe, in the year 2060, it is estimated that the number of
people suffering from AF will increase to 17.9 million) [1]. Both the population and
proportion of older people are increasing: from 2012 to 2032, the populations of those
65-84 years old and over-85s are expected to increase by 39% and 106%, respectively.
The risk of AF increases with age: about 1 in 200 people aged 50-59 have AF; this
increases to almost 1 in 10 people over 80. However, evidence indicates that a large
number of patients suffering from AF are being underdiagnosed and, thus, undertreated
[2].

Accurate information on AF’s prevalence in the general population is, therefore,
not widely available. Some European countries have undertaken screening studies to
estimate the proportion of the population affected. These studies reported rates in the
general population ranging from 1.3% (UK, Italy) to 3.9% (Greece), with rates being
highly dependent on age. Less data is available from Central and Eastern European
countries. A pilot multicentric study (AFABE Study [3]) in the County of Terres de I'Ebre
involved 1043 randomly selected patients older than 60 years of age. All of the patients
underwent an ECG and different medical variables, such as CHA>DS,VASc and HAS-
BLED scores, international normalized ratio results and reasons for not receiving
anticoagulant therapy, were observed and recorded. The study's various outcomes were:
1) the prevalence of AF increased with the patients’ ages (1.2% in patients between 61 to

64 years old to 20.7% in those 85 years and older); 2) the prevalence of AF was higher in

19
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male individuals (except in the group of 85 years and older); 3) the prevalence of
hypertensive and diabetic patients was greater than that associated with other risk factors;
the prevalence of AF indicated in the clinical history of the patients was 8.7%; 96.7% of
the patients with a previous diagnose of AF had >2 CHA;DS>VASc scores; 4) it was
observed that the prevalence of previously undiagnosed AF was 2.2% (C195% 1.3-3.1%);
(5) and, among others, the percentage of patients diagnosed with AF that were not treated
with anticoagulant therapy was 24.35% (mainly due to CHA2DS,VASc scores <2 points,
cognitive impairment and high risk of haemorrhaging). These results that were observed
in our territory revealed the need to diagnose as many unknown AF cases as possible and

treat those patients if indicated.

3.2. Risk of stroke and associated comorbidities

Evidence suggests that AF is one of the major causes of morbidity and
cardiovascular mortality [4]. It increases death risk, congestive heart failure and the risk
of systemic embolism, including stroke [5], and it is associated with a high risk of
cognitive impairment, with or without a history of clinical stroke [6].

Studies in the general population [7] have also provided evidence that higher AF-
risk is related to higher CHA2DS>VASc scores, higher stroke incidence and higher
Pfeiffer scores, but the exact mechanisms are unclear. Structural and functional
alterations of cerebral blood vessels have emerged as key correlates of conditions
associated with cognitive impairment. In this way, targeting the stroke risk factors would
not only reduce stroke, but also reduce cognitive impairment. Stroke and dementia are
risk factors for each other and share some of the same, largely modifiable, risk and

protective factors in asymptomatic individuals. Effective strategies for improvement in

20
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the initial phases of the disease would have a massive beneficial impact on health care
systems.

AF is often not diagnosed until after a stroke event and is not treated according to
widely available, national, evidence-based guidelines. AF is estimated to increase the risk
of stroke 3- to 5-fold and to be associated with around a quarter of all ischaemic strokes.
Additionally, AF is associated with more severe strokes, leading to higher mortality and
disability. AF is significantly more common in people who have had a stroke than in the
general population. Reported prevalence rates are as high as 31-38%. Variation is also
high both within countries and between studies with similar methodologies. Studies from
Ireland[8], Iceland[9], Croatia[10] and Norway[11] reported that between a quarter to
over half of AF diagnoses after stroke were unknown before. A recent meta-analysis also
reported that 24% of stroke patients are newly diagnosed with AF after their strokes [11].
These reports again suggest a significant under-diagnosis of AF in the general population.
Better detection rates of AF could lead to improved primary prevention. Over the last 25
years, the number of AF-related ischaemic strokes has trebled in adults over 80 years and
is predicted to treble again by 2050.

Although the risk of AF-related stroke can be reduced by 64-70 % using oral
anticoagulants [12], underutilization of this effective treatment and delayed diagnosis
remain major obstacles. Around a quarter of patients have silent or asymptomatic AF [13]
and up to 25% of patients with AF-related stroke only have this arrhythmia diagnosed at
the time of the stroke. People with AF who suffer a stroke have greater mortality, more
disability, more severe strokes, longer hospital stays and lower rates of discharge to their
own homes compared to those without AF [14]. AF-related strokes are more likely to
recur and fear of another stroke is likely to cause anxiety and affect quality of life (which

cost 45 billion euros in 2015) [15]. Patients being newly admitted with stroke may
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eventually lead to greater anguish for their families and larger health costs from extensive
hospital assessment, including brain scans, admission to specialist stroke units and
multidisciplinary specialist assessments from a range of healthcare professionals
including physicians, physiotherapists, occupational therapists, clinical psychologists and
speech and language therapists. Over time, patients are likely to require treatment for
complications and rehabilitation therapy and have ongoing health and social care needs.
Around 40% of discharged patients need help with daily activities. Nearly one-fifth had
help solely from unpaid careers and approximately two-thirds from only paid careers,
with the remainder receiving help from both. Eighteen percent needed three or more visits
a day from social services. Eighty-five percent of patients required physiotherapy. Forty-
eight percent required speech and language therapy. AF-related strokes are a great burden
for patients. An important factor in the economic burden of AF relates to the detection of
the condition. As noted earlier, AF is currently often only detected after a stroke; earlier
AF detection and intervention to reduce stroke risk could reduce the occurrence of AF-
related strokes and the associated economic burden.

The evidence suggests that AF is associated with a high risk of cognitive
impairment as an independent risk factor with or without a history of clinical stroke.
Fifteen to 20% of individuals aged over 65 years will suffer some degree of cognitive
deterioration [6]. However, silent infarctions of the brain are even more frequent than
symptomatic strokes [16]. Silent strokes remain undetected in most cases but can
accumulate over time to cause or aggravate pre-existing cognitive impairment. In 2015,
the estimated number of individuals with dementia in the world was 47.47 million, and
this is expected to increase to 75.63 million by 2030 and 135.46 million by 2050 [17].
Therefore, the incidence of dementia will double every 5.9-years age increase, i.e., from

3.1/1000 person-years at age 60-64 to 175/1000 person-years at age >95.
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Patients with AF and cognitive impairment [17] are more likely to be women,
older and have a higher baseline burden of functional dependence in daily activities,
higher cognitive impairment prevalence and higher mortality. In spite of preliminary
reports indicating that anticoagulation can reduce the risk of cognitive impairment in
patients with AF [18], AF is underdiagnosed [19]. Patients are undertreated with
anticoagulation, with cognitive impairment being the main reason for not receiving oral
anticoagulant therapy. Cognitive impairment was found to double mortality.

In our territory [20], patients with AF were on average older than patients without
AF, a larger proportion was male and aged >80 years, they had a higher prevalence of
heart failure (HF), higher Barthel scores and Charlson scores and a higher incidence of
mortality than those without AF. Data from our primary care records [21] allowed us to
uncover a major care gap in stroke prevention: the prevalence of undetected AF and its
association with an increased risk of cognitive impairment, heart failure, sudden death
and cardiovascular morbidity [22]. Despite progress in AF diagnosis and management
[17], the prevention of stroke remains the cornerstone. In the group with known AF,
23.5% were not receiving oral anticoagulant therapy (OAT). The odds ratio for not being
treated with OAT was 2.04 (95%CI 1.11-3.77) for women and 1.10 (95%CI 1.05-1.15)
for more advanced age at diagnosis. Cognitive impairment (15.2%) was the main reason
for not receiving OAT. Despite these challenges, interviewees from across countries and
stakeholder types reported that policymaker awareness of AF is low and that AF is viewed

as a medical issue rather than a public health issue.

3.3. Global burden of atrial fibrillation and economic cost
Due to demographic ageing, in Europe, the prevalence of AF is estimated to
increase from 1.9% (2008) to 3.5% (2050) and the number of AF-related ischaemic

strokes in people >80 years will triple (2010-2060). If we consider that more than 60% of

23



UNIVERSITAT ROVIRA I VIRGILI
NEW PATHWAYS FOR EARLY IDENTIFICATION OF ATRIAL FIBRILLATION IN THE COMMUNITY

Juan Ballesta Ors

strokes occur in people older than 80 years of age, the proposed objective is extremely
important. Approximately one-third of ischaemic strokes are related to the presence of
unknown AF. In this case, strokes are more severe, more disabling, associated with
cognitive decline and pose a higher risk of institutionalization than strokes from other

causes [23].

Most patients with AF require long-term pharmacological treatment, often
including warfarin or acenocoumarol. Monitoring anticoagulant treatment is expensive.
AF also leads to hospitalization and is a cause of particularly costly cardiovascular
morbidity—that is, stroke and heart failure. The number (and rate) of AF-related
hospitalizations (both primary and secondary) has increased two-fold to three-fold in
recent years. Consequently, AF is likely to impose a substantial and growing economic

burden on health care systems.

In addition to the epidemiological predictions associated with demographic
ageing, the greater cardiovascular comorbidity, frequency, average drug consumption,
mortality and severity of the associated stroke would confirm the predicted increase in
costs associated with the treatment of AF, especially in association with a stroke episode.
Obviously, the impact will depend on both size and demographic composition. The
presence of a progressive increase in the prevalence and severity of cognitive decline with
the risk of AF increases the magnitude of the impact and reinforces the possible
etiopathogenic interrelation between both processes in the general population, as well as
the need to protocolize its detection. A model of comprehensive care for AF showed a
45% reduction in mortality from any cause [23], but its analysis is subsequent to the

diagnosis of AF.
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3.4. The need for screening/case finding

AF satisfies most of the World Health Organization’s criteria for a disease suitable
for screening (Figure 1 Appendix). Good AF management is essential to prevent stroke,
but little has changed: guidelines are not fully implemented, many AF cases are not
diagnosed before a stroke episode, patients are not given anticoagulants, many of those
taking anticoagulants do not have quality criteria for good anticoagulation (TRT >60%)
and there is postcode variation in the management and use of Direct Oral Anticoagulants
(DOAC:S). Although many patients with AF develop symptoms that lead to appropriate
diagnosis and management, the first manifestation may be a debilitating stroke or death.
Finding AF before symptoms manifest could lead to the initiation of appropriate effective
therapy to reduce stroke and death and potentially the initiation of risk-factor
modifications to reduce complications from AF progression. A significant proportion of
people with AF are diagnosed by chance during health assessments carried out for other
reasons, or due to having a stroke. There may be multiple reasons for under-diagnosis,
including the fact that AF can be asymptomatic and a lack of awareness about the
condition and its symptoms.

The detection of AF can have important implications for reducing the risk of
stroke and its large clinical and economic effects. Thus, different screening and case-
finding strategies have been proposed and recommended by international organizations
such as the European Society of Cardiology (ESC), Stroke Alliance for Europe (SAFE),
National Institute for Health and Care Excellence (NICE), European Heart Rhythm
Association (EHRA), World Health Care Forum (WHF), European Primary Care
Cardiovascular Society (EPCCS) and others. Different organisations have different
positions about whom to screen or to whom to aim case-finding [24-26]. For a screening

program to be efficient, the screening technique must have a high positive predictive
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value using a low-risk tool at low cost. Screening yield depends on disease prevalence
and diagnostic test performance.

Opportunistic screening/case finding, where patients are checked for AF when
they visit doctors for other reasons, is widely supported as a means to achieve higher rates
of detection to enable early intervention. Primary care is an ideal setting: in addition to
regular primary care physician visits, nursing support for screening is available and there
is a direct link with the practitioner to prescribe OAC. Two challenges remain unsolved:
1) developing a sustainable strategy for detecting undiagnosed AF and 2) providing
adequate treatment for patients with known or newly discovered AF because
undertreatment is common. In primary care, regarding the methods of mass screening,
handheld ECG devices have the advantage of providing a verifiable ECG trace that
guidelines require for AF diagnosis and would, therefore, be preferred as screening tools.
The AF diagnosis requires at least 30 s of absolutely irregular RR intervals and no
discernible, distinct P waves on the electrocardiogram (ECG) [27]. Settings for screening
include various venues in both the community and the clinic, but they must be linked to
a pathway for appropriate diagnosis and management for screening to be effective
(Figure 2 Appendix). Opportunistic screening was tested against routine screening in the
SAFE study, which found that opportunistic screening improved routine practice,
whereas routine screening did not [1]. It can also be used in the community, in both high-
and low-middle-income countries. In the clinic, it is usually performed by physicians or
nurses, whereas in the community, non-physician health professionals and laypeople can
be trained to detect pulse irregularity. Pulse checks, either done at home by the patients
themselves or in GP surgeries or pharmacies, are a simple and effective way of checking

for AF and should be used more.
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Innovation in technology has produced new screening devices (Figure 3
Appendix) that improve the feasibility and cost-effectiveness of widespread screening
and are easily available in primary care. These devices are recognized as valid for AF
detection by the European Primary Care Cardiovascular Society and could be used to
complement traditional screening by pulse palpation [28]. There are ongoing studies to
determine the sensitivity and specificity of these new tools. Adding biomarkers (e.g.
natriuretic peptides, high-sensitivity troponin) [29] to existing clinical predictors may
improve the prediction of AF incidence. However, there are marginal improvements in
model discrimination and reclassification. Continuous monitoring coupled with a
diagnostic algorithm could detect paroxysmal AF more effectively than repeated patient-
activated devices. Prolonged continuous ECG monitoring with external or subcutaneous
recorders could diagnose more paroxysmal AF, but it requires further evaluation, so its
cost-effectiveness is limited regarding the detection of AF with lower absolute stroke risk.
Health resources are known to vary widely between countries and health systems, so the
setting for AF screening should be both country- and health-system-specific.
Improvement in the diagnosis and management of AF is needed, including systematic
approaches to identifying and monitoring AF (Figure 4 Appendix). The effectiveness
and cost-effectiveness of AF-screening policies of at-risk populations should be assessed
in the respective health contexts of each country, as should new developments such as
devices and apps for detecting AF, the self-monitoring of INR and new anti-coagulation
therapies. A more systematic approach to monitoring guideline adherence (e.g. national
or large regional audits), and possibly incentivising this adherence, might improve

treatment rates [30].
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3.5. Summary of Studies Regarding Screening for Atrial Fibrillation (Table 1
Appendix)

In the year 2017, the AF-SCREEN International Collaboration White Paper was
published in Circulation [31]. It showed whom to screen, where to screen and how to
screen for AF (Figure 4 Appendix). The preferred recommendations are to screen people
aged >65 years or those patients with AF that are undertreated, to do so at Primary Care
or Specialist clinics and for screening to be done first using opportunistic pulse palpation
and then an ECG, or a single-lead ECG or to do so post-stroke.

Several prospective controlled and non-controlled studies have examined the
effect of screening on the detection rate of previously undiagnosed AF, using a range of
different screening programmes and target populations. These studies are summarized in
Table 1 of the Appendix (Table 12.2.1). Several in-progress trials may strengthen the
evidence base for screening. The most common target population for screening was those
aged >65 years in a primary care setting, with screening being carried out
opportunistically at GP appointments or pharmacy visits or through invitation to an ECG.
Many worldwide projects from various health collectives have been formed to try to
screen as many populations as possible. One of the latest types of study to try to detect
AF (due to the easy access of the population) are those initiated by pharmacies such as
the PIAAF study in Canada [32], among others [33-35]. They agree on the same
conclusion: opportunistic screening for AF in pharmacies is feasible and allows
identifying people with previously unknown AF.

In order to improve the detection of silent AF, opportunistic screening for AF in
all patients >65 years using the pulse has been recommended by ESC guidelines since
2012 [7] and is recommended by EHRA guidelines. Opportunistic screening by pulse-

taking or ECG strip received a class | level of evidence B recommendation in the most
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recent ECG guidelines. Yet, it may be questioned whether the yield of this opportunistic
way of screening is sufficient in higher-risk patients and whether it should be extended to
younger individuals. Further, systematic screening in higher risk groups may even be
warranted. The first large-scale screening trial was the Screening for AF in the Elderly
(SAFE) trial. The principal conclusion from the SAFE study was that active screening
can identify an additional one-third of AF cases. Additional main studies on AF screening
include the LOOP-Study, all of the PIAAF studies, the STROKESTOP Study and others
(Table 1 Appendix). Opportunistic screening identified as many of these cases as
systematic screening for considerably less effort, so it should be promoted in primary care
as long as a high level of coverage can be maintained [8-9] (Figure 5 Appendix).

According to the evidence described above, it can be assumed that opportunistic
screening is now recommended in patients >65 years. It may even be started at a lower
age in the presence of a higher CHA2DS2-VASc score (CHA2DS2-VASc >2 in
individuals >55 years). The need for systematic screening is still uncertain. So far, no
clear advantage of systematic above opportunistic screening has been demonstrated.

AF is often asymptomatic and screening is not routinely undertaken in Europe. In
most European countries, ESC guidelines have been assumed and are commonly used
[36-38]. Although individuals with AF often have other diseases and disorders—
including ischaemic heart disease, heart failure, hypertension, diabetes and
hyperthyroidism—age has been identified as the strongest independent risk factor for AF.
Screening studies also found that between 10% and 66% of people with AF were
previously unknown cases (Belgium, Portugal, UK, Spain). This implies a significant
under-diagnosis in Europe. A major screening study has been launched in Sweden to
detect AF and to see whether screening reduces stroke incidence and is cost-effective

[39].
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The Belgian Heart Rhythm Association, with the contribution of two
pharmaceutical industry sponsors, organizes the yearly Week of the Heart Rhythm [40],
which involves free mass screening events and the distribution of information leaflets
about self-administered pulse checks. A study on mass screenings, involving 69 hospitals
that screened a total of 13,564 patients, found that these screenings are feasible and
effective in detecting AF in approximately 2.2 per cent of the screened individuals. The
French AVC Association launched a campaign to raise awareness about AF in reaction
to a recent survey in France that showed that 87 per cent of people surveyed do not know
what AF is. In 2013, the campaign covered 4,592 patients in 16 French cities by educating
general practitioners on AF and modes of detection [41]. Five hundred and eighty-five
patients (15.6%) were referred to cardiologists and 129 new AF cases were
confirmed. The achievements of this campaign included increased awareness of
cardiovascular disease (including AF and AF-related stroke), the integration of AF and
AF-related stroke into a cardiovascular policy document and a call for increased political
engagement on cardiovascular disease (including AF and AF-related stroke) as part of a
broader commitment to public health. The German Stroke Foundation (Stiftung Deutsche
Schlaganfall-Hilfe) sees regular pulse self-measurement as the best way to find
irregularities in the heart rate and identify AF early [42]. The AF guidelines of the Italian
Association for the Fight Against AF (ALFA 2014) note that patients who do not present
symptoms are often not aware of their condition. The guidelines claim that if all
individuals with AF were identified, the number of patients would double. The
Association’s patient information publication recommends that patients self-monitor their
pulse at least once a week [43]. The Association created a campaign in 2014 to raise

awareness of the importance of self-performed pulse checks.
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A 2011 survey of NHS Primary Care Trusts (PCTs) found that while not
compulsory, many encourage GPs to include pulse checks in their NHS Health Checks.
NHS Health Checks are aimed at adults in England aged between 40 and 74 to help lower
the risk of developing four common diseases: heart disease, stroke, diabetes and kidney
disease. However, the 2011 survey also found that 26 per cent of NHS Health Checks did
not include pulse checks. The ‘Know Your Pulse’ campaign, jointly launched by the AFA
and Arrhythmia Alliance in 2019 [44], organises yearly awareness-raising campaigns on
the risks of AF and stroke and offers guidance on pulse self-checks.

A survey completed by respondents from 33 European Heart Rhythm Association
Research Network partners in 16 countries found that there is currently no consensus
regarding the screening methods for asymptomatic AF. Opportunistic screening, in the
form of a peripheral pulse check, should be carried out regularly for adults 65 years and
older. Opportunistic screening in this group is recommended by the European Society of
Cardiology and in the United Kingdom by the Royal College of Physicians of Edinburgh
[45]. Indeed, opportunistic screening (compared to targeted screening) was the only
strategy that improved on routine practice. A systematic review found that single time-
point screening in adults 65 years or older identified previously unknown AF in 1.4 per
cent of the screened population.

Case finding or primary screening, depending on the circumstances, is firmly
recommended for diagnosing and treating as many patients as possible in different ambits
and situations. It has been recommended as an easy manoeuvre to prevent stroke [46] and
post-stroke [31] in the general population [47], in a population selected with a risk model
[48], in metropolitan and rural areas by general practice [49] and in many other different
populations and places. In our territory, Terres de I'Ebre (Tarragona, Spain), before 2012

there was no defined pathway for AF.
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First, we evaluated the work done by the AFABE Study in the same territory,
which had 48,336 patients. The new results show that a proper case finding for AF is
feasible and is associated with an increase in the prevalence of AF. The same study also
identified some of the real barriers that patients face in our health system regarding case
finding for AF, which in our territory is guided mainly by GPs.

There remains little doubt that proper screening or case finding for AF is
necessary. Many nuances are still not properly described: for example, different age
ranges, which specialist should screen and many other variables. Nowadays, there is an
important movement to screen high-risk patients for AF [48,11], as well as those with a
heavy AF burden [50].

The AFRICAT Study (NCT 03188484) is another study on AF that was carried
out in our territory. Its main hypothesis involved evaluating patients who had a high risk
of developing AF to discover certain clinical characteristics that could be used to optimize
screening strategies; as a second hypothesis, the study proposed that a combined approach
integrating biological (blood biomarkers) and electrocardiographic information could
achieve better accuracy than either of them separately. The global objective of the
AFRICAT project was the development and validation of a multimodal sequential
screening program for AF at primary care in high-risk individuals (patients with ages
between 65 to 75 years with previous diagnoses of hypertension and diabetes). The main
results were: first, the AFRICAT study shows ways to improve the diagnosis of AF in
primary care; second, a 5-year predictive clinical model of AF in its population was
validated in an independent sample; third, it found comparative results between different
AF detection devices characterized by their high specificity; fourth, biomarkers could
prove to be really useful in predicting AF risk, although the authors do not have cut-off

points at different risk levels; finally, and probably most importantly, Holter monitoring
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(for 30 days) in patients at high risk of AF could double the prevalence of previously
known AF.

Various scales for measuring the risk of developing AF are being defined, which
could ease the work of stratifying populations to screen. The most accepted and studied
scale is the CHARGE-AF [51], which has been compared to the CHA2DS>2VASc score
[52]. The CHARGE-AF scale has been proven to be the most suitable for primary
screening.

With all this data, in our second study, taking into account the worldwide expert
recommendations, the conclusions from the AFRICAT Study and different high-risk
scales, we focused on more finely identifying those patients that could suffer from AF
from the primary care point of view. In this second study, various biomarkers were
analysed and compared to one-month Holter monitoring to find an accessible tool for GPs
to use as a screening biomarker in a defined high-risk population.

There are some current studies evaluating various wrist devices for daily use.
These studies are still very early and are being evaluated on a large scale, but the results
are promising and could contribute to massive population screening in a few years, which,
associated with predictive models of population risk, echocardiography criteria and
specific biomarkers, may further help us to find unknown AF [53,54]. However, there is

currently no evidence for their use in screening.
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4. Hypothesis
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4. Hypothesis
HO.1 (First article): Case finding strategy increases the detection of AF compared to the

usual routine clinical practice.

HO0.2 (Second article): The use of N-Terminal Pro B-Type Natriuretic Peptide makes a
difference in the detection of unknown AF in asymptomatic high-risk populations in the

context of a screening programme.
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5. Objectives
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5. Objectives

5.1. Primary objective/s

e To evaluate the effectiveness of AF case finding in the general population >
60 years and older relative to usual clinical practice.

e To identify possible barriers to and enablers of opportunistic community AF
case finding.

e To determine the usefulness of N-Terminal Pro B-Type Natriuretic Peptide's
usefulness as a biomarker in asymptomatic high-risk populations for atrial
fibrillation in the context of a screening programme.

5.2. Secondary objectives

e To propose an atrial fibrillation pathway, mainly from primary care, to

establish early diagnosis.

e To target the most at-risk population to increase the screening’s effectiveness.

This study, therefore, investigates possible social and clinical barriers to

opportunistic community screening for AF and tries to target screening with a biomarker

feasible for use in primary care to diagnose more AF.
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6. Materials and methods
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6. Material and methods

This study has two different phases focusing on different populations with
different materials and methods, but these phases share the same purpose of finding a
common AF pathway.

In 2015, the population from the County of Terres de I’Ebre, Tarragona, Spain,
participated in a pilot study in collaboration with the Master Plan for Cerebral Vascular
Malaltia / Agéncia de Qualitat i Avaluacié Sanitaries de Catalunya (PDMVC) and the
Estratégia d'Atention Integral a la Cronicitat for the design of an AF route with the general
objectives of improving the care of people with AF, coordinating different levels of care,
promoting excellent clinical practice and reducing AF-related morbidity and mortality, as
well as health outcomes. For this reason, the initial objective was: “palpation of the
arterial pulse and/or ECG and its registration in the electronic medical record (e-cap) to
any citizen >60 years of age who contacted the health system, especially in care primary".
For said registration, a specific variable (rhythmic/arrhythmic) was introduced in the e-
cap, section on Prevention and Promotion of Health Activities, which appears in a
different colour when the citizen belongs to the target group and has not carried out the
activity.

The first part of this study was an observational, cross-sectional, multi-centric and
non-interventional study in the context of ordinary primary care practice involving the
population of the County of Terres de I’Ebre, Tarragona, Spain, > 60 years of age (n =
51410) with an active clinical history (e-cap), of which 48,336 patients without known
AF were included. The main variable was whether a patient’s heartbeat is rhythmic or
arrhythmic, as described in the record of the patient’s medical history of case finding
activity for AF during the period from 1 January 2016 to 31 December 2017, confirmed

with a 12-lead ECG. Secondary variables were also studied and analysed, such as
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sociodemographic variables, case identification code (the numbering of the Individual
Health Card was used), age, sex and municipality of residence (>10,000 inhabitants,
urban; 10,000-1000 inhabitants, semi-rural; <1,000 inhabitants, rural). Clinical relevant
information and comorbidities were obtained from the coded diagnoses in the patients’
medical histories in both primary and hospital care (the codes of the International
Classification of Diseases version 10 used to select the different AF entities were 148 as
the main diagnosis). The CHA2DS>2VAS; scale was included. Cognitive impairment was
evaluated by Pfeiffer scale (0-10): [0-2 errors] = normal; [> 3 errors] intermediate to
severe involvement. The study recorded whether the patient was diagnosed as a Chronic
Complex Patient [20]. Prescription information was recorded, including all drugs
prescribed by any active diagnosis in an individual's medical history, with “poly
medication” defined as the prescription of >5 different medications simultaneously. An
evaluation of the use of direct anticoagulants and antivitamin K was carried out. Health
service variables were considered, such as counting the number of visits to GPs and
hospital doctors during each year and whether the patient had been institutionalized.

AF was detected either through direct AF case finding activity or without a direct
AF screening procedure. Both were done by pulse palpation and/or registration of an ECG
in an asymptomatic patient who was subsequently recorded in the e-cap program. This
activity was performed either by consultation with a physician or nurse at the primary
care centre or by a home visit. If a pulse palpation suggested an arrhythmia, it was
immediately followed by an ECG. Thus, a twelve-lead ECG record verified by a
physician was used to define AF.

A descriptive analysis of the sociodemographic and clinical variables was
performed using the informatics programme SPSS 20.0, with the help of a statistician, to

describe the frequency and percentage of the categorical variables and the mean and
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standard deviation of the continuous variables. The adjusted prevalence and incidence of
new AF were calculated, as was the number of screens required to diagnose new AF
(NNS). This descriptive analysis was stratified according to whether the screening had
been performed. To detect if there are statistically significant differences between these
variables and the performance of the screening or not, the Chi-square independence test
was performed on the variables; Crude and adjusted Odds ratios (multivariate model)
were calculated to measure their associations with the performance of the screening using
logistic regression. To calculate the goodness of fit of the multivariate model, a variable
was created with the model's prediction probabilities and its ROC curve was calculated.
A variable was created that included the factors associated with a significantly lower risk
of performing opportunistic screening: <70 years of age, urban residence,
institutionalization, Pfeiffer scale value >2 and number of visits to the primary care
physician in 2017 <7. The adjusted odds ratio was calculated by logistic regression for all
variables to measure the association of this variable with the screening.

The study’s effectiveness was assessed based on changes observed in the
prevalence of AF after two years of programme intervention and by comparing the
incidence of newly diagnosed AF in the group with case finding as compared to the
incidence in the control group (without AF case finding).

Following these findings, for the second phase of the AF study of Terres de
I'Ebre’s inhabitants, a population at risk for AF was defined. The intention of this part of
the study was that, after demonstrating that performing atrial fibrillation screening and
knowing what barriers we faced when carrying out case finding on patients, it was of
great interest to apply a more complete study on subjects with high AF risk using clinical,
biological and electrocardiographic registers to identify more AF cases. This second part

of the study was an observational, multicentre, population-based study with the aim of

41



UNIVERSITAT ROVIRA I VIRGILI
NEW PATHWAYS FOR EARLY IDENTIFICATION OF ATRIAL FIBRILLATION IN THE COMMUNITY

Juan Ballesta Ors

developing a screening programme to detect new cases of AF in high-risk individuals in
primary care centres. It took place in the same County as in the first part of the study and
involved randomly selecting 100 subjects aged 65-75 diagnosed with hypertension and
diabetes from primary care between January 2016 and December 2017 out of a database
consisting of 5,500 hypertensive and diabetic patients included in the AFRICAT project’s
database (NCT03188484).

The selected participants were ambulatory patients in a stable health situation (all
individuals with chronic inflammatory diseases, cancer or dementia were excluded). The
patients and their GPs arranged a visit to their primary care centre in which they received
a comprehensive assessment consisting of clinical characteristics; an ECG was performed
and a blood sample was extracted in EDTA and serum tubes to evaluate various blood
markers (NT-proBNP, serum ApoC-III, plasma uPAR...) that could help predict AF.
Patients were monitored with a Holter device for 4 weeks (trying to wear it for 23 hours
every day and charging for 1 h) and the records were sent together with the ECG for
blinded reading to the Rhythm Disorders Unit at the Cardiology Department of Hospital
Virgen del Rocio in Seville to verify AF episodes. AF was defined following AHA
guidelines as irregular R-R intervals without a P wave signal, lasting for more than 60 s.

Statistical analysis was also done using the informatics programme SPSS 20.0
with the help of a statistician. The sociodemographic and clinical variables were
analysed to describe the frequency and percentage of the categorical variables and the
mean and standard deviation of the continuous variables.

In the bivariate analysis of normal distributions, the T-test was used for
independent samples in the case of quantitative variables and the Chi? test or Fisher's
exact test in the case of categorical variables was performed to compare and study the

population. ROC curves were obtained to calculate sensitivity, specificity and cut-off
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values of NT-proBNP’s discrimination power. In the multivariable test, given the
characteristics of this pilot sample and the number of significant variables in the
regression, if the p-value is below a specified level of significance (a) (generally 0.10,
0.05, or 0.01), the difference can be said to be statistically significant and reject the null
hypothesis of the test. In this case, the value 0.09 was accepted as statistically significant
due to the limitations of the pilot sample.

Different variables were analysed to avoid duplication. Three probability variables
were used to identify possible duplication (date of birth, sex and Individual Health Card
identification number) so that each individual in the numerator was only counted once.
Reviews were carried out every six months to detect possible deviations and errors,
missing values and extreme values and to obtain control of the state of the investigation.

The first part of this project was approved by the Ethics Committee for Scientific
Research IDIAP Jordi Gol (code P18/118); for this type of study, formal consent is not
required and the requirement for the informed consent of patients was waived prior to the
inclusion of their medical data in this study. The protocol for the second part of the study
was also approved by the clinical research ethics committee of IDIAP Jordi Gol (P15/047)
and the Hospital Universitari Vall d’Hebron [PR (AG) 133-2015]; the formal consent of
each patient was solicited and, if granted, the patients were included in the study. All data
were included in an ad hoc repository, which was delivered to the main researcher in a
completely anonymous format, supervised and assessed according to the General Data

Protection Regulation of Spain/Europe of 1st February 2017.
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/. Results
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7. Results

For the main result derived from the first part of the study, more cases of AF were
directly detected from the case finding of the general population older than sixty years.
The population included 48,336 patients with a mean age of 75 years and 87% of the
population had CHA2DS>VAS. scores > 2; baseline characteristics are described in Table
1 and in the first article (Appendix 12.3.1). Opportunistic AF case finding was performed
in 61% of the population between 2016-2017. The average age was higher in the case
finding group than in the control group, as was their associated comorbidity,
CHA>DS>VAS. scores, proportion of urban residence and frequency of primary and
hospital care. The detection of new AF cases was significantly higher in the case finding
group for all age ranges. From the case finding for AF, two hundred and one new cases
were directly diagnosed. The prevalence of stroke and the number of patients receiving
anticoagulant therapy were significantly higher in the presence of AF than in the group
without diagnosed AF (p < 0.001).

The prevalence of AF also increased through the end of the programme
assessment (5.9% vs 7.7%, respectively; p <0.001). Two hundred and one previously
undiagnosed cases of AF were accounted for by AF case finding: 26.3% of all new AF
cases diagnosed. Stroke was also proven to be significantly higher in the presence of AF
compared to the group without diagnosed AF (4.4% vs 1.6%; p <0.001).

The sociodemographic variables associated with the lack of performance of case
finding were age < 70 years, urban residence, institutionalised status, Pfeiffer score >2 or
arecord of ‘cognitive impairment’, Charlson score <3 and a lower than average number

of physician visits for the territory.

45



UNIVERSITAT ROVIRA I VIRGILI
NEW PATHWAYS FOR EARLY IDENTIFICATION OF ATRIAL FIBRILLATION IN THE COMMUNITY

Juan Ballesta Ors

Table 1. Baseline characteristics of the population in the first part of the study

Variable No case finding Case finding P Toral
Total N 2 60 years 19 320 (37.6%) 32 090 (62.4%) 51410
Sex (%)

Female 10 300 (53.3%) 17 230 (53.7%) 0.406 27530
Male 9020 (46.7%) 14 860 (46.3%) 23 880
Average age 713=99 75.12 =89 <0.001 73.68 =95

Residence (%)
Urban 8370 (43.3%) 11 705 (36.5%) 20075
Semi-urban 6643 (34.4%) 12079 (37.6%) <0.001 18 722
Rural 4307 (22.30%) 8306 (25.9%) 12613
Institutionalization 806 (4.17%) 510 (1.59%) <0.001 1316
Total N 2 60 years of age excluding known AF 18 739 (38.76%) 29 597 (61.23%) 48 336
New diagnosis of AF 129 (0.7%) 765 (2.6%) <0.001 894
Total AF (%) at the end of the study 710 (3.7%) 3258 (10.1%) <0.001 3968 (7.7%)
CHA,DS,VAS  score 212=14 3.03 = 1.31 <0.001 2.7 = 141
Hearr failure 703 (3.6%) 2687 (8.4%) <0.001 3390
High blood pressure 7743 (40.1%) 21 390 (66.7%) <0.001 29133
Brain stroke/Transtent Ischemic Attack 243 (1.2%) 689 (2.1%) <0.001 932
Vascular disease 566 (2.9%) 1902 (5.9%) <0.001 2468
Ischaemic cardiopathy 683 (3.5%) 2264 (7.1%) <0.001 2947
Diaberes mellitus 2079 (10.8%) 8757 (27.3%) <0.001 10 836
Impaired renal function (dialysis, renal transplantation or 876 (4.5%) 3122 (9.7%) <0.001 3998
serum creatinine >200 pmol/l)
Average glomerular filtrate (ml/min) 7722199 74.3=192 0.180 7501 =194
Chronic liver disease or impaired hepatic function (bilirubin >2x or 26 (0.1%) 50 (0.2%) 0.633 76
serum glutamic-pyruvic transaminase or serum glutamic-oxaloaceric
transaminase or alkaline phosphatase >3x the normal limit)
COPD* 1469 (7.6%) 3517 (11.0%) <0.001 4986
OSAS! 290 (1.5%) 767 (2.4%) <0.001 1057
Anticoagulant trearment 5§50 (2.9%) 2759 (8.6%) <0.001 (83.5%)
Anti-vitamin K 418 (2.2%) 2284 (7.1%) <0.001 2702
NOACs* 132 (0.6%) 475 (1.5%) <0.001 607
Statins 4471 (23.1%) 12 191 (38.0%) <0.001 16 662
Cognitive impairment and/or Pleiffer >2 score 963 (5.0%) 1691 (5.3%) 0.162 2654
Average Pleiffer score 34=33 23=28 <0001 258229
Number of CCPY critena 0.3=017 0.6 =023 <0.001 0.5 =021
Charlson Comorbidity Index 0.72 = 1.06 1.15 = 1.22 <0,001 0.99 = 1.18
Number of drugs 3.66 = 3.70 572377 0,007 493=38
Average number of visits/year (PC7) 915 =117 183 =155 <0,001 149 =149
Median number of visits (PC) 6 14 <0,001 11
Average number of visits/year (HOSP) 0.17 = 1.06 1.15 = 1,22 <0,001 0.23 = (.88

*Chronic obstructive pulmonary disease
"Obstructive sleep apnoea syndrome.
Novel oral anticoagulants

IChronic complex patient.

‘Primary care.

Hospital.

At the same time as the first part of the study, having identified the barriers of the

population in the case finding and to improve the efficiency of the applied screening

method, we proposed using different biomarkers and electrocardiography in a high-risk

population for AF to help identify more patients at risk of suffering from AF.

One hundred individuals were randomly selected from 5,500 hypertensive and

diabetic patients aged 65-75 years. The clinical characteristics of the population used in

this second part of the study can be found in Table 2 and in the second article (Appendix

12.3.2). These demonstrated that coronary heart disease, heart failure, valvular diseases
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and the use of anticoagulants were more common in AF individuals; CHA2DS2-VASc

scores were also higher in patients suffering AF.
Table 2. Baseline characteristics of the population in the second part of the study

All patients {100} AF {20} No AF {80) hAF (7) P-vale* P-value®

Out of the 100 individuals, 96 were monitored with an ECG Holter device, with a
median monitoring time of 457 h. Few adverse events were described (mainly cutaneous
rash). In 20 of these patients, AF was present (11 newly detected in the study). AF burden,
defined as minutes being in AF divided by the total minutes of readable records, was
calculated as a percentage. The median AF burden was of 10.35% (1.00-56.50).

In the biomarker analysis, NT-proBNP, ApoC-I1ll, sUPAR, vWF and ADAMTS13
were analysed; inter- and intra-assay variation was acceptable, and thus all samples were

included in the analysis.

Table 3. Biomarker levels and comparison between different groups in the second part of the study

AF (20) No AF (B0) PAF [7) Fovalue® Povake®
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Two subgroups were studied and compared: AF diagnosed patients vs patients not
diagnosed with AF, and AF diagnosed by Holter devices (hAF) vs patients not diagnosed
with AF.

In the first comparison, NT-proBNP was significantly higher in individuals with
AF compared to no AF [643.65 pg/ml (IQR 155.72-1339.25) vs. 64.28 pg/ml (IQR
37.08-133.10), p < 0.0001], while the remaining biomarkers were not different between
the two groups; also, the cut-off point of NT-proBNP of >95 pg/ml showed 95%
sensitivity, 66.2% specificity, 41.3% positive predictive value (PPV) and 98.1% negative
predictive value (NPV) for detecting any AF. It was also demonstrated that AF burden
correlated with NT-ProBNP (r=0.597, p=0.024).

The second subgroup analysed, hAF vs No AF, showed that NT-proBNP levels
varied between patients without AF (no AF ) and those with AF diagnosed by Holter
devices (hAF) [64.28 pg/ml (IQR 37.08-133.10) vs. 128.3 pg/ml (IQR 97.69-191.3), p =
0.031]. The rest of the biomarkers did not show notable differences. The cut-off point of
NT-proBNP of >95 pg/ml had 85.7 % sensitivity, 66.2% specificity, 18.2% PPV and

98.1% NPV to detect hAF.

Figure 1. ROC Curve showing NT-proBNP discrimination power in the second part of the study
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In the presence of AF, in addition to NT-proBNP, in the univariate analysis (Table
2.), ischaemic heart disease, heart failure, the presence of valvulopathy, anticoagulant
treatment and CHA2DS2-VASc were found to be as significant variables. The results of
the logistic regression (Table 4) were obtained from all the variables associated with AF
and/or AF diagnosed by Holter registry in the univariate analysis (Table 2), thereby
reducing the significant variables to anticoagulants (OR = 18.90; 95% ClI, 2.10-169.83;
p =0.09) and NT-proBNP >95 pg/ml (OR = 22.42; 95% CI, 2.74-183.15; p=0.04) as the
only independent predictors of AF in the logistic regression analysis performed in the
whole cohort. CHA2DS>-VASc was an independent AF predictor when considered alone
in the regression analysis (OR = 2.29; 95% CI 1.16-4.44; p = 0.017), but P-value
comparison hAF vs no AF was not significant. A source for confusion is likely related to
how the CHA2DS2VASc score is included in guideline recommendations: if the sum of
points exceeds a certain threshold, a recommendation of treatment is triggered. This
approach is great when making dichotomous decisions. There is previous evidence about
the use of CHA2DS2VASc score in patients without atrial fibrillation. The Cox model
was applied just on the variables included in CHADsVASc score as covariates in the
regression analysis. Certainly, this could improve the creation of a model including
CHA2DS2VASc only and allow comparing its performance to another model including
CHA2DS2VASc and variables that are not included in CHA2DS2VASc score;
calculating integrated discrimination improvement (IDI) and net reclassification index

(NRI) could facilitate decisions of clinical usefulness in future studies.
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Table 4. Comparison according to atrial fibrillation diagnosis.

Univariate analysis Regression analysis

P-value P-value
Coronary heart disease 0.008 0.247
Heart failure 0.007 0.870
Valvular disease 0.024 0.357
Anticoagulation 0.000 0.09
NT-proBNP >95 <0.0001 0.04
CHA2DS,-VASC 0.035 0.017*

* when considered alone in the regression analysis

As for the variable NT-proBNP> 95 pg/ml as a cut-off applicable to systematic
AF screening, it is lower as a cut-off point here than in other studies [55,56] that place it
at >125 ng/L as a negative predictive value to be screened among individuals with newly
detected AF and CHA2DS2-VASc parameters do not differ significantly with those
without AF, so the populations are not identical. However, the conclusions were similar:
NT-proBNP increased in individuals with newly detected AF and future studies could
clarify if NT-proBNP can be used to correctly select individuals that benefit most from
AF screening.

The variable "Anticoagulation™ should be interpreted as a discriminatory marker
as soon as patients with diagnosed AF are anticoagulated. The global results reflect a
significantly higher use of anticoagulants among those cases with AF in which
opportunistic screening was performed.

Finally, the result for CHA2DS2-VASc as an independent AF predictor when
considered alone in the regression analysis agrees with previous publications [57-60] that
showed its possible predictive value in the stratification of the risk of suffering from AF

and / or stroke and not only as an indicator of anticoagulant treatment.
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8. Discussion

Both parts of the study had the common goal of helping to establish a guided route
for AF. As main results from this project, we established that a health program of case
finding is a tool that increases the prevalence and incidence of AF, we revealed barriers
for the case finding, and we identified that NT-proBNP is a marker that could be used in
AF case finding.

In the first phase, 61% of over 48,000 patients aged 60 and older underwent case
finding for AF, thereby tripling the incidence of new AF cases detected compared to the
control group. Case finding or/and screening are extremely useful secondary prevention
measures; its basic purpose is to decrease the incidence of complications derived from
important pathologies that can lead to significant disability, decrease mortality, and/or
increase the quality of life of people affected by certain pathologies [61,62]. The
effectiveness of case finding, in this case, was conditioned by variables including age,
residence, institutionalization and comorbidities. Before this study, previous papers
mainly focused on treatment barriers [63, 64], but no study has focused before on “not so
clinical” barriers such as the frequentation of health services, age, place of residence and
other comorbidities. Considering these variables and the implementation of new digital
technologies could improve the results of AF case finding, especially for populations at
higher risk of AF. Remarkably, 87% of the new AF cases had CHA2DS>VAS. scores of
>2.

The variables associated with the lack of AF case finding should be considered in
the implementation of a healthcare program. The first variable was the place of residence;
patients in urban zones were less likely to have case finding for AF performed. This could
be attributed to many causes, but in our territory, it could be because there are no urban

municipalities in the two districts with a higher demographic age. Another variable to
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consider is the association of the number of visits to the patient’s GP with the performance
of opportunistic case finding. The study showed that if the number of visits increased, so
did the possibility for performing case finding and thus detecting new AF cases. For this
reason, the population could be encouraged to perform self-case finding [65] or we wait
for that to happen [66] through pulse palpation and the use of new AF detection devices.
Institutionalized patients were found to have less AF identified; we could explain this by
the fact that these patients have fewer possibilities to access their GPs and have more
comorbidities.

The results of the second phase of the study show that NT-proBNP could be used
as a screening biomarker to detect even paroxysmal AF in asymptomatic, high-risk
individuals. One of the main goals of this part of the study was to predict or diagnose
paroxysmal AF through biomarkers and to use them as a first step in a screening workflow
in an AF pathway. Our study differed from others [67,68] by not only classifying
paroxysmal AF with a normal ECG, but by overcoming this limitation by recording the
patients’ cardiac records using a Holter monitor, thereby detecting more cases of
paroxysmal AF. This is the longest period over which asymptomatic individuals have
been monitored to detect AF in a biomarker study, if we exclude studies using
pacemakers. The inclusion in the study was performed before any biomarker
determination and 4-week Holter monitoring was used as the gold standard to assess the
usefulness of blood-based biomarkers in AF screening. A limitation of this part of the
study might be the small number of participants, but after validating these results with a
larger cohort, NT-proBNP could be implemented as part of a case finding program for
AF in a defined AF pathway.

A specific cut-off point for AF case finding was proposed for the first time. NT-

proBNP with values > 95 pg/ml reached a high sensitivity in identifying AF (95%), even
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in patients with paroxysmal AF (85.7%). Although NT-proBNP can be categorised as an
unspecific biomarker for AF (it can be elevated in different chronic and acute diseases),
high sensitivity is more useful than specificity for screening purposes. Although it might
be suspected that elevated NT-proBNP levels were due to a higher burden of heart failure
and other cardiovascular diseases in the AF subjects of our cohort, in the hAF group, there
were few individuals with known comorbidities that could affect NT-proBNP levels. In
fact, in this group, there were no cases of heart failure, and there were only differences in
coronary heart disease when compared to individuals with no AF. In addition, the study
was carried out at the outpatient clinic and, therefore, no patient was in a situation of acute
decompensated heart failure. B-type natriuretic peptide (BNP) and the stable N-terminal
portion of the prohormone NT-proBNP are peptides synthesized by myocytes,
predominantly in the left ventricle, in response to elevated wall stress. High natriuretic
peptide levels correlate positively with cardiac filling pressures, making them excellent
markers for abnormal LV wall stress; patients’ elevated NT-proBNP levels independently
predict an increased risk of developing AF [69]. The other biomarkers studied in this
phase were not useful for AF case finding. It is also remarkable that a higher level of NT-
proBNP was associated with a higher AF burden (observed from continuous Holter
monitoring).

On the one hand, the limitations of this study include its non-randomisation and
its duration compared with the follow-up visits with the patients. It is limited by its
duration to minimal follow-up regarding stroke incidence in the patients. On the other
hand, the small sample size and the small number of patients with diagnosed AF suggest
that these results should be interpreted as hypothesis-generating. Eventually, the burden
of AF will be important to consider and reuse. It can be defined as the duration of AF

episodes during a certain time (varies in different studies) [70, 71]. The duration of AF
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episodes and number of times shown in the record have yet to be deeply investigated, but
they are useful in assessing the risk of developing clinically significant AF and thus the
need for anticoagulant treatment. Currently, the burden of AF necessary to indicate
anticoagulation is a matter of debate.

It should be noted that this part presents the results of the pilot study of the
AFRICAT project, which included only the first 100 patients as a prior evaluation of the
methodological strategy and the detection of potential problems in the final inclusion
phase, so it was not designed for multivariate analysis. However, it does highlight that,
with due caution in interpreting the results, a cut-off point can be defined in a biomarker
within the scope of routine care among primary care professionals; this biomarker can be
used to increase the effectiveness of screening by identifying individuals at high risk of
not only of AF, but also of strokes. The results of the AFRICAT study will confirm or
modify this cut-off point, its ability to discriminate and the post-test probability in AF
screening.

The main global objective of the two parts of the study was to define and create a
precise route for the screening, diagnosis and treatment of AF and thus to avoid the
obvious adverse effects derived from said pathology.

Our proposal is to aim case finding for AF to a general population sixty years or
older excluding only those patients previously diagnosed with AF (Figure 6 Appendix).
The general practitioner should first account for the social, demographic and other
barriers identified in the first paper to try to find as many cases as possible. Once
identified, as doctors, we should consider whether the patient could be defined as having
a high risk of suffering from AF, using different scores, such as CHA2DS>VASc or the
CHARGE-AF score, and with the aid of different devices such as Watch BP, Fibricheck,

intelligent watches and wristbands, among others. If the patient is defined as having a
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high risk of developing AF, we should investigate further and search for biological and
or echocardiographic criteria for AF. In the case of this study, NT-proBNP >95 pg/ml
proved to be elevated in patients with AF compared to the control patients. If any of the
biological and/or echocardiographic criteria for AF are fulfilled, to confirm whether our
patients suffer from AF, we should plan to use Holter monitoring. These two works
should be considered together with the emerging evidence from other similar studies to
have an accurate AF pathway for the detection of AF.

The results of both articles define a more effective methodology in the active
screening for AF. AF is an independent predictor of heart failure and stroke. The number
of AF-related incident ischaemic strokes at age >80 years has trebled over the last 25
years, despite the introduction of anticoagulants, and are projected to treble again by
2050, along with the number of systemic emboli. Improved prevention in older people
with AF should be a major public health priority. Overall, this highlights the high costs
associated with different cardiovascular factors in an ageing society and also the cost of
previously unknown AF-associated strokes. These progressive increases in overall burden
justify the investigation of methodologies and their cost-effectiveness ratios to better

direct prevention and treatment strategies.
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9. Conclusions
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9. Conclusions

1) The performance of opportunistic case finding is associated with a significant increase
in the recorded prevalence and incidence of AF. If proper and aimed case finding is
eventually done in a high-risk population (defined and categorized by risk scales), the

detection of new cases of AF will be significantly higher.

2) There is a relationship between the performance of opportunistic case finding and
factors like the frequent use of health services, age, place of residence and comorbidities.

These should be considered in an AF case finding pathway in primary care.

3) NT-proBNP may be useful as a screening biomarker for AF in asymptomatic high-risk

populations with a promising cut-off point of 95 pg/ml, but this requires further

validation.
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10. Future research proposals
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10. Future Research proposals

For future objectives, we should first try to better identify and categorize patients
at high risk of AF with more accurate scales and try to break as many barriers to access
as possible.

Our second and short-term objective is for NT-proBNP >95 pg/ml to have external
validation with a larger cohort of patients to prove if it is still valid and establish a more
accurate cut-off point. Also, more biomarkers should be identified and tested to find the
most useful for the early diagnosis of AF.

The third objective is to establish the needed time for a Holter device to diagnose
a patient with AF. Also, we should find more comfortable devices with higher battery
capacity.

Future studies should further analyse and test different watches and or wristbands,
which could allow us to screen a large population without creating additional cost or time
burdens for GPs.

The last objective is to evaluate and test whether anticoagulation should be
initiated before AF identification in certain patients with a very high risk of AF after an
evaluation based on clinical, ECG, imaging and biological markers. The burden of AF
should also be evaluated before deciding to anticoagulate.

Future research should focus on cost-utility analysis using a patient-level Markov
decision analytic model with a lifetime horizon to determine lifetime costs, quality-
adjusted life years and the incremental cost-effectiveness ratio of active screening for AF
with new technologies and biomarkers, particularly in relation to routine care in patients

at high risk of atrial fibrillation.
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12.1. Figures

12.1.1. Figure 1. WHO attributes of a good screening program.

Important health program

Available treatment

Facilities for diagnosis and treatment
Asymptomatic phase of disease

The test should be acceptable to the population
There should be a test for the condition

Natural history understood; agreement on policy
There should be an agreed policy on whom to treat
. Cost of case finding balanced with overall costs
10. Tests should be sensitive

11. Screening should be a continuous process

©CoNoakrwdE
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12.1.2. Figure 2. Screening tools. EHRA consensus document.

Screening for atrial fbalation: EMRA mmenar document
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12.1.3. Figure 3. New screening devices.

Table 5| Sensitivity and specificity of newer intormittent ECG recording devices
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12.1.4. Figure 4. Current guidelines in Primary Care.
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Freedman at al. Circulation. 2017;135:1851-1867. DOI: 10.1161/CIRCULATIONAHA.116.026693

Visit www.afscreen.org for more information.
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12.1.5. Figure 5. Systematic vs opportunistic screening for AF.
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Petryszyn P, Niewinski P, Staniak A, et al. Effectiveness of screening for atrial fibrillation and its
determinants. A meta-analysis. PLoS One. 2019;14(3):e0213198. Published 2019 Mar 20.
doi:10.1371/journal.pone.0213198
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12.1.6. Figure 6. Atrial fibrillation Pathway (AFOSS Study, 2020).
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12.2. Table

12.2.1. Table 1. Summary of Studies Regarding Screening for Atrial Fibrillation (>2015).

Name of Study
Year . I .
. Main objective VTt . Conclusions
Number of participants Population
Clinical Trial
LOOP-Study Screening for AF episodes lasting >6
minutes (AF) with implantable loop >70 years old and
2015 recorder for 40 months of continuous have >1 stroke risk | AF was detected in 209 (35%) of the patients
monitoring randomized 3:1 to control factors
N 6000
(n=4500)
NCT02036450
PIAAF-FP
2015 i
Pulse p_alpatlon vs BPM vs ECG. <90 years No Results Posted
N 2174 Screening
NCT02262351
PIAAF-HOME
2015 L .
AF screening in primary care patients
N 856 using the ZIO XT Patch, a wearable
adhesive patch monitor that provides >75 years ECG patch monitor is superior to standard care for AF detection
continuous ECG recording for up to 14
days,
NCT02392754
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Incident AF — PREVEND
9.7 £ 2.3 years of follow-up for all
2015 w?&kg:&n&;:f the city of Groningen, the | 5 ¢, 75 yearsold [ The overall incidence rate of AF was 3.3 per 1,000 person-years
Baseline screening program
N 8265
D2AF
2015 i
Pulse palpatlon vs BPM vs ECG. >65 years No Results Posted
N 19200 Screening
NTR 4914
ASSERT lII Determine the incidence of sub-clinical
(silent) atrial fibrillation (AF) among
2015 elderly patients with hypertension and at Monitoring will detect AF in at least 10% of patients who would be
: 80 Years and older ; - .
N 129 least one other risk factor for AF. potential candidates for anticoagulant therapy
Wireless external loop monitor for 30 to
NCT02401854 60 days
STROKESTOP Study
AU 1I:D_ef_|ne Fhe preval_ence of untre_ated atrlgl A previous diagnosis of AF was known in 9.3%. Total AF
N 7173 ibrillation (AF) in a systematic screening | 75-76 years . . 0
. . X prevalence in the screened population was 12.3%
intermittent ECG recordings
NCT01593553
Taggar et al. Systematic review and meta-analysis Blood pressure monitors and 12-lead ECG have the most accuracy
2015
N 15129
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Identify a high-risk cohort suitable for

mSToPS screening for asymptomatic atrial
flbrll_latl_on at the er_1d of the_4—month 55 Years and older | No Results Posted
monitoring period in a mobile health

2015 technology-enabled home monitoring
program.

N 2274

Avrea rural (Ireland)

2016
N 7262

Opportunistic screening. Over 6 months,
subjects were screened by local General
Practitioners using radial pulse palpation

confirmed by 12 lead Electrocardiogram.

65 years and older

735 (10.1%) had known AF and 55 (0.76%) had newly detected AF

DOFA_AP
2017
N 5465

Opportunistic vs symptomatic patients

>65 years

No differences

AFFORD
2017
N 970

Opportunistic; Denmark

>65 years

Detection of new AF-patients

Akershus Cardiac Examination

1950 study 2017

Screening for atrial fibrillation

>65 years

CHA:2DS>-VASc

Identified undiagnosed AF in 0.9%. The total prevalence of AF was
7.6%

N 1510 2-week intermittent ECG screening score >2 for men
or >3 for women
Petryszyn . . . . . . L
Meta-analysis about the effectiveness of Active screening for AF is effective beginning from 40 years of age.
2019 screening for AF Systematic screening seems more effective than opportunistic
N 88786
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Screening for Actionable Atrial
Fibrillation During Preoperative
Consultation With the
MyDiagnostick

2016

N 505

NCT02960334

Presence of AF pre-operatory

65 Years and older

Analysed the rhythm for the presence of AF and distinguished AF
from normal cardiac rhythms by measuring RR-irregularity

Opportunistic Screening in
Pharmacies for Atrial Fibrillation
in Seniors (AF-Stroke)

2016
N 7606
NCT03004859

Whether an opportunistic AF screening
with a hand-held diagnostic tool in a
German pharmacy setting is useful for
detecting unknown AF among people
aged 65 and older

(>65 Years)

No Results Posted

Systematic Screening for Atrial
Fibrillation-potential Patients to
Increase AF Detection Rate
(SCAN-AF)

2017
N 1316
NCT03313167

Number of subjects screened with AF
identified at Index Visit (4 weeks)

Individuals 65 years
of age or older with
moderate-to-high
risk of stroke

No Results Posted

Atrial Fibrillation Screening in
Nursing Homes

2019

N 245

NCT03860246

Number of participants with atrial
fibrillation on any of four rhythm
recordings

Age >75 years

No Results Posted
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Home-Based Screening for Early
Detection of Atrial Fibrillation in
Primary Care Patients Aged 75
Years and Older (SCREEN-AF)

2015
N 856

NCT02392754

Detection of new atrial fibrillation or
flutter

Age >75 years

No Results Posted

Screening for Atrial

Fibrillation (AF)-Potential Patients

to Increase AF Detection Rate

2017
N 1316

NCTO03313167

Number of subjects screened with AF
identified at Index Visit
[Time Frame: Up to 4 weeks]

65 Years and older

No Results Posted

Novel Methods for Arrhythmia
Detection: Preliminary Study

2018
N 220

NCT03721601

Chest strap and PPG-device data quality

All

No Results Posted
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A Digital Non-interventional Atrial

Fibrillation (AF) Screening Study
With Commercial Pulse Detection

Systems

2017
N 165

NCT02875106

The rate of correctly detected sinus
rhythm signals by CPDS in reference to
ECG (sensitivity of CPDS).

Not posted

No Results Posted

Opportunistic Screening in
Pharmacies for Atrial
Fibrillation in Seniors (>65 Years)

2017

N 7606
NCT03004859

Number of newly detected atrial
fibrillation in adults from the age of 65
by means of an opportunistic screening
with an ECG hand-held diagnostic tool in
a pharmacy setting

The subject's behaviour change
regarding diagnosis and therapy from the
ECG measurement at a pharmacy at 8
weeks and 12 months.

Identification and description of
new therapeutic measures.

65 Years and older

No Results Posted

Program for the Identification of
"Actionable" Atrial Fibrillation in
the Family Practice Setting

2015

N 2174
NCT02262351

Performance of screening tests

Cost of each method per case of
actionable AF detected

Cost-effectiveness measures based
on each screening test and their potential
impact on stroke and other clinical
endpoints

65 Years and older

No Results Posted
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https://clinicaltrials.gov/ct2/show/NCT02875106?recrs=e&cond=atrial+fibrillation+screening&age=2&draw=2&rank=6
https://clinicaltrials.gov/ct2/show/NCT02875106?recrs=e&cond=atrial+fibrillation+screening&age=2&draw=2&rank=6
https://clinicaltrials.gov/ct2/show/NCT02875106?recrs=e&cond=atrial+fibrillation+screening&age=2&draw=2&rank=6
https://clinicaltrials.gov/ct2/show/NCT02875106?recrs=e&cond=atrial+fibrillation+screening&age=2&draw=2&rank=6
https://clinicaltrials.gov/ct2/show/NCT03004859?recrs=e&cond=atrial+fibrillation+screening&age=2&draw=2&rank=8
https://clinicaltrials.gov/ct2/show/NCT03004859?recrs=e&cond=atrial+fibrillation+screening&age=2&draw=2&rank=8
https://clinicaltrials.gov/ct2/show/NCT03004859?recrs=e&cond=atrial+fibrillation+screening&age=2&draw=2&rank=8
https://clinicaltrials.gov/ct2/show/NCT02262351?recrs=e&cond=atrial+fibrillation+screening&age=2&draw=2&rank=10
https://clinicaltrials.gov/ct2/show/NCT02262351?recrs=e&cond=atrial+fibrillation+screening&age=2&draw=2&rank=10
https://clinicaltrials.gov/ct2/show/NCT02262351?recrs=e&cond=atrial+fibrillation+screening&age=2&draw=2&rank=10
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Screening for Atrial Fibrillation in

Native AmeRicans Using iPhone
ECG

2018
N 1500
NCTO03740477

Incidence of newly diagnosed atrial
fibrillation

Prevalence of guideline-directed
anticoagulant use among participants
who were found to have atrial fibrillation

50 Years to 100
Years

No Results Posted

Screening for Atrial
Fibrillation Among Older Patients
in Primary Care Clinics

2018

N 35308
NCT03515057

Incident AF during the study period

Incident AF associated with a
primary care encounter during the study
period

New oral anticoagulation
prescription during the study period

65 Years and older

No Results Posted

Risk-Based Screening for the
Evaluation of Atrial
Fibrillation Trial

2018
N 755
NCT03911986

New detected (and centrally
confirmed) cases of atrial
fibrillation/flutter > 2 minutes

Initiation of oral anticoagulation

55 Years and older

No Results Posted
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https://clinicaltrials.gov/ct2/show/NCT03740477?cond=atrial+fibrillation+screening&draw=3&rank=13
https://clinicaltrials.gov/ct2/show/NCT03740477?cond=atrial+fibrillation+screening&draw=3&rank=13
https://clinicaltrials.gov/ct2/show/NCT03740477?cond=atrial+fibrillation+screening&draw=3&rank=13
https://clinicaltrials.gov/ct2/show/NCT03515057?cond=atrial+fibrillation+screening&draw=3&rank=15
https://clinicaltrials.gov/ct2/show/NCT03515057?cond=atrial+fibrillation+screening&draw=3&rank=15
https://clinicaltrials.gov/ct2/show/NCT03515057?cond=atrial+fibrillation+screening&draw=3&rank=15
https://clinicaltrials.gov/ct2/show/NCT03911986?cond=atrial+fibrillation+screening&draw=3&rank=17
https://clinicaltrials.gov/ct2/show/NCT03911986?cond=atrial+fibrillation+screening&draw=3&rank=17
https://clinicaltrials.gov/ct2/show/NCT03911986?cond=atrial+fibrillation+screening&draw=3&rank=17
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Systematic Screening With
Electrocardiogram for
Unknown Atrial Fibrillation in 65

Years Old and Above People in
Nursing Home

Presence of atrial fibrillation on
electrocardiogram

65 Years and older

No Results Posted

2015 Presence of irregular pulse

N 287

NCT02892578

Silent Atrial Number of participants with silent

Fibrillation - Screening of High-
risk Groups for Atrial
Fibrillation (The Silence Study)

2016

N 1622

NCT02893215

atrial fibrillation as assessed by handheld
ECG measurements in high-risk heart
failure patients

Number of participants with silent
atrial fibrillation as assessed by handheld
ECG measurements in high-risk type 2
diabetes patients

Number of participants with
supraventricular ectopic activity

65 Years and older

No Results Posted

Hong Kong Outpatient
AF Screening Using Single-lead
ECG Device

2015

N 500
NCT02409654

Utilization rates of evidence-based
stroke prevention therapy

Rates of newly diagnosed atrial
fibrillation in elderly >65 years of age

Clinical outcomes including death,
stroke and bleeding

65 Years and older

No Results Posted
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https://clinicaltrials.gov/ct2/show/NCT02892578?cond=atrial+fibrillation+screening&draw=3&rank=18
https://clinicaltrials.gov/ct2/show/NCT02892578?cond=atrial+fibrillation+screening&draw=3&rank=18
https://clinicaltrials.gov/ct2/show/NCT02892578?cond=atrial+fibrillation+screening&draw=3&rank=18
https://clinicaltrials.gov/ct2/show/NCT02892578?cond=atrial+fibrillation+screening&draw=3&rank=18
https://clinicaltrials.gov/ct2/show/NCT02892578?cond=atrial+fibrillation+screening&draw=3&rank=18
https://clinicaltrials.gov/ct2/show/NCT02893215?cond=atrial+fibrillation+screening&draw=3&rank=19
https://clinicaltrials.gov/ct2/show/NCT02893215?cond=atrial+fibrillation+screening&draw=3&rank=19
https://clinicaltrials.gov/ct2/show/NCT02893215?cond=atrial+fibrillation+screening&draw=3&rank=19
https://clinicaltrials.gov/ct2/show/NCT02893215?cond=atrial+fibrillation+screening&draw=3&rank=19
https://clinicaltrials.gov/ct2/show/NCT02409654?cond=atrial+fibrillation+screening&draw=3&rank=25
https://clinicaltrials.gov/ct2/show/NCT02409654?cond=atrial+fibrillation+screening&draw=3&rank=25
https://clinicaltrials.gov/ct2/show/NCT02409654?cond=atrial+fibrillation+screening&draw=3&rank=25
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mHealth Screening to Prevent

Strokes

2015

N 2274

NCT02506244

Incidence of newly diagnosed AF

Prevalence of atrial fibrillation

Time to first event of the combined
endpoint of stroke, systemic emboli or
MI in patients diagnosed with AF in
monitored vs. control cohorts.

Difference in total healthcare costs
in AF cohorts of monitored and controls

55 Years and older

No Results Posted

Screening for Sleep Apnea in

Patients Undergoing Atrial

Fibrillation Ablation

2015

N 100

NCT02332096

Prevalence of sleep apnea in
patients with atrial fibrillation

Arrhythmia recurrence

Need for antiarrhythmic
medications

CPAP compliance when prescribed

18 Years and older

No Results Posted

Stepwise Screening for

Silent Atrial Fibrillation After

Stroke
2018

N 300

NCT03570060

Diagnosis of atrial fibrillation during
continuous monitoring in a Stroke unit
within six months of stroke

18 Years and older

No Results Posted
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https://clinicaltrials.gov/ct2/show/NCT02506244?cond=atrial+fibrillation+screening&draw=3&rank=26
https://clinicaltrials.gov/ct2/show/NCT02506244?cond=atrial+fibrillation+screening&draw=3&rank=26
https://clinicaltrials.gov/ct2/show/NCT02332096?cond=atrial+fibrillation+screening&draw=3&rank=27
https://clinicaltrials.gov/ct2/show/NCT02332096?cond=atrial+fibrillation+screening&draw=3&rank=27
https://clinicaltrials.gov/ct2/show/NCT02332096?cond=atrial+fibrillation+screening&draw=3&rank=27
https://clinicaltrials.gov/ct2/show/NCT03570060?cond=atrial+fibrillation+screening&draw=3&rank=28
https://clinicaltrials.gov/ct2/show/NCT03570060?cond=atrial+fibrillation+screening&draw=3&rank=28
https://clinicaltrials.gov/ct2/show/NCT03570060?cond=atrial+fibrillation+screening&draw=3&rank=28

UNIVERSITAT ROVIRA I VIRGILI

NEW PATHWAYS FOR EARLY IDENTIFICATION OF ATRIAL FIBRILLATION IN THE COMMUNITY

Juan Ballesta Ors

RedStroke - Reducing Europe's
Stroke Incidence

2019

N 2100

NCT04108884

Prevalence of Atrial Fibrillation

Costs related to the AF screening

Compliance of patients using the
app

All ages

No Results Posted

Prevention of Postop Atrial
Fibrillation Through Intraoperative

Inducibility of Atrial
Fibrillation and Amiodarone
Treatment

2017

N 600

NCT03868150

Decreasing the incidence of Post-
Operative Atrial Fibrillation for Cardiac
Surgery Patients

18 Years and older

No Results Posted

A Study to Determine if
Identification of

Undiagnosed Atrial Fibrillation in
People at Least 70 Years of Age
Reduces the Risk of Stroke

2019

N 52000
NCT04126486

Occurrence of all strokes leading to
hospitalization

Occurrence of bleeding leading to
hospitalization

70 Years and older

No Results Posted
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https://clinicaltrials.gov/ct2/show/NCT04108884?cond=atrial+fibrillation+screening&draw=3&rank=30
https://clinicaltrials.gov/ct2/show/NCT04108884?cond=atrial+fibrillation+screening&draw=3&rank=30
https://clinicaltrials.gov/ct2/show/NCT03868150?cond=atrial+fibrillation+screening&draw=3&rank=31
https://clinicaltrials.gov/ct2/show/NCT03868150?cond=atrial+fibrillation+screening&draw=3&rank=31
https://clinicaltrials.gov/ct2/show/NCT03868150?cond=atrial+fibrillation+screening&draw=3&rank=31
https://clinicaltrials.gov/ct2/show/NCT03868150?cond=atrial+fibrillation+screening&draw=3&rank=31
https://clinicaltrials.gov/ct2/show/NCT03868150?cond=atrial+fibrillation+screening&draw=3&rank=31
https://clinicaltrials.gov/ct2/show/NCT04126486?cond=atrial+fibrillation+screening&draw=3&rank=32
https://clinicaltrials.gov/ct2/show/NCT04126486?cond=atrial+fibrillation+screening&draw=3&rank=32
https://clinicaltrials.gov/ct2/show/NCT04126486?cond=atrial+fibrillation+screening&draw=3&rank=32
https://clinicaltrials.gov/ct2/show/NCT04126486?cond=atrial+fibrillation+screening&draw=3&rank=32
https://clinicaltrials.gov/ct2/show/NCT04126486?cond=atrial+fibrillation+screening&draw=3&rank=32
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Time to recurrence of AF after AF
ablation
Cost-utility analysis of SAS

Sleep Apnea and Atrial screening by reporting health resource
Fibrillation Recurrence utilization e -

B No Results Posted

Years

2017 . Measure of health status EQ-5D
N 280
NCT02906839
Atrial Fibrillation Research In 65 Years to 75
CATalonia (AFRICAT) Years
2016 Atrial fibrillation (AF) diagnosis No Results Posted
N 500
NCT03188484
Handheld ECG Tracking of In-
hOspital Atrial Fibrillation
2018
N 804 Newly detected in-hospital AF All ages No Results Posted
NCT03197090



https://clinicaltrials.gov/ct2/show/NCT02906839?cond=atrial+fibrillation+screening&draw=3&rank=33
https://clinicaltrials.gov/ct2/show/NCT02906839?cond=atrial+fibrillation+screening&draw=3&rank=33
https://clinicaltrials.gov/ct2/show/NCT03188484?cond=atrial+fibrillation+screening&draw=3&rank=34
https://clinicaltrials.gov/ct2/show/NCT03188484?cond=atrial+fibrillation+screening&draw=3&rank=34
https://clinicaltrials.gov/ct2/show/NCT03197090?cond=atrial+fibrillation+screening&draw=3&rank=35
https://clinicaltrials.gov/ct2/show/NCT03197090?cond=atrial+fibrillation+screening&draw=3&rank=35

UNIVERSITAT ROVIRA I VIRGILI

NEW PATHWAYS FOR EARLY IDENTIFICATION OF ATRIAL FIBRILLATION IN THE COMMUNITY

Juan Ballesta Ors

Program for the Identification of
"Actionable™ Atrial Fibrillation in

the Family Practice Setting

2015

N 2174

NCT02262351

Performance of screening tests

Cost of each method per case of
actionable AF detected

Cost-effectiveness measures based
on each screening test and their potential
impact on stroke and other clinical
endpoints

65 Years and older

No Results Posted

Implementing Digital Health in a
Learning Health System

Patient-Reported Outcome
Measures

Patient-Reported Experience
Measures

18 Years and older

No Results Posted

2018 Health Economic Outcomes
N 500
NCTO03713333
Case finding is associated with a significant increase in the
AFOSS oo
prevalence and incidence of AF.
There is a relationship between the performance of opportunistic
2017 case finding and factors like the frequent use of health services, age,
place of residence and comorbidities
Atrial fibrillati 60 Y dold L .
N 46374 el Horifiation ears and olcer NT-proBNP may be useful as a screening biomarker in AF
A screening strategy based on NT-proBNP, alone or in combination
NCT03589170 with other biomarkers, might be of interest for the early initiation of

anticoagulants, which could reduce cardioembolic stroke
consequences
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https://clinicaltrials.gov/ct2/show/NCT02262351?cond=atrial+fibrillation+screening&draw=3&rank=36
https://clinicaltrials.gov/ct2/show/NCT02262351?cond=atrial+fibrillation+screening&draw=3&rank=36
https://clinicaltrials.gov/ct2/show/NCT02262351?cond=atrial+fibrillation+screening&draw=3&rank=36
https://clinicaltrials.gov/ct2/show/NCT03713333?cond=atrial+fibrillation+screening&draw=3&rank=38
https://clinicaltrials.gov/ct2/show/NCT03713333?cond=atrial+fibrillation+screening&draw=3&rank=38
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OXFORD

Health Service Research

Results, barriers and enablers in atrial fibrillation
case finding: barriers in opportunistic atrial
fibrillation case finding —a cross-sectional study

Juan Ballesta-Ors**-, Josep L Clua-Espuny?®, Delicia | Gentille-Lorente®,
Inigo Lechuga-Duran®, José Femandez-Saez®, Eulalia Muria-Subirats®,
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a I'Atencio Primaria de Salut Jordi Gol 1 Gurina (IDIAPJGal), Tertosa, Spain, ‘Department of Cardiology, Hosprtal
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Tarragona, Spain; E-mail: juan ballesta ors@gmail. com

Abstract

Background: Atrial fibnllation {AF) is often asymptomatic, and screening is not routinely
undertaken.

Objective: Evaluate the feasibility and effectiveness of a population-based case finding program
and to identify the enablers of and/or barriers to its implementation.

Methods: We conducted & cross-sectional study of a health care case finding program for AF from
1 January 2016, to 31 December 2017, that included 48 336 people =60 years of age in the region
of Terresde I'Ebre (Catalonia, Spain). We analysed the effect on the prevalence of AF and, stratified
by age, on the incidence of new diagnoses of AFE We assessed the sociodemographic and clinical
variables related to the realization of a case finding.

Results: A total of 32 090 (62.4%) people were screenad for AE We observed s significant incraase
in the AF prevalence after 2 years of program intervention {5.9-7.7%; P < 0.001). The detection of
new AF cases was significantly higher in the case finding group across the whole of the age range,
and 765 (2.6%) new AF cases were diagnosed using case finding. The factors that were significantly
associated with an underuse of case finding were: age <70 years, urban residencs, institutionalized
status, Pfeiffer score 22, Charlson score >3 and number of visits <7/year.

Conclusions: A health care program of case finding is feasible and is associated with a significant
increase in the pravalence and incidence of AE The results depend on factors such as the ease of
access to health care, age, place of residence and comorbidities.

Key werds: Anticoagulants, atrial fibrilation, case finding, patient, prevention, stroka

@ The Authar(s) 2020. Publishod by Ohfeed Univarsity Prass. A nghts rasarved.
For parmessians, plozsa -mai i< parmi =SB0y, com.

0Z0Z Aeyy 6z vo mend A3 07671 BG/EVERULYRAURYES0 L 0| AONORA SGR-G128 -0 LRADE /e LRy A00 dNO DLBPE SR STRY WOoS PODBOIUMO ()



UNIVERSITAT ROVIRA I VIRGILI
NEW PATHWAYS FOR EARLY IDENTIFICATION OF ATRIAL FIBRILLATION IN THE COMMUNITY
Juan Ballesta Ors

Family Practice, 2020, Vol XX, No. XX

Key Messages

* Case finding was associated to increased diagnosis of new AR
* Age, residence, institutionalization and comorbidity might condition the case finding.
* The screened population is treated more with anticoagulants (84.7% versus 774%).

Introduction

Atrial fibnllason (AF) is esttmated to increase the risk of expen-
encing a stroke by a factor of three to five AE along with high
blood pressare, ts a nisk factor for ischaemic stroke that is insuf-
ficiently detected and treated (1-4) m the general populaton and
which has been previoasly unknown m 24-31% of patients who
have experienced at least one stroke (1,2). The prevalence of AF and
its c:umpliutitms will mcrease m the coming decades because of the
ageing population (5), so developing proposals aimed at improving
dragnosis and treatment is 2 priority. Population strategies for the
apportanistic detection of AF are rear ded by international or-
ganizations including the Furopean Society of Cardiology {ESC, the
Stroke Alliance for Furope {SAFE) (1), the Furopean Heart Rhythm
Assocation (EHRA), the Royal College of Physicans of Edinburgh
(RCPE), the World Healthcare Forum (WHF), the Furopean Primary
Care Cardiovascular Soaety (FPCCS) and the Health Informanon
and Quality Authority (HIQA} Disagreement remains, however,
aver whether case finding detects mare AF than do standard prac-
tices (6).

Numeroas studies have been mitated {7-10) with the objective
of evaluating different strategies for AF detection. We can differen-
tate between those studies armed at opportumistically diagnosing AF
m binary form (11-14) and those using rezl-tme monitoning tech-
notogies and/or lomarkers {15-18) to diagnose AF early, especally
m subgects with high cardiovascalar nisk (19-21).

Based on previous resules (4,22,27), a pilot project was devel-
oped m the regon af Terres de I'Ebre (in Cataloma, an autonomous
region of Spain) that had among its main obpectives the implementa-
tion of a binary opportunistic case finding programme for AF in the
popelaton 260 years of age. The study aimed to evaluate the effect-
ivencss of AF case finding in the general populagion 260 years of age
relative to usual climcal practice and to identfy possble factors
and barriers to AF case finding,.

Methods

In 2015, the regron of Terres de I'Ebre participated m a pelot pro-
ject in collabaration with the Pla Director Malaltia Vascular/Aginaa
de Quality 1 Avaluacid Sanitanies de Catalunya {PDMVC) and the
Esmratoga d'Atencion Integral a la Cromictat (PPAC) to design a
programme for AF detection. The PDMVC aims to embrace 2 com-
prehensive approach to cardiovascular diseases, from promotion
and prevention to rehabilitation, taking into accoant the principles
of equity and the redoction of inequalities. The purpose of the PPAC
15 to provide a new mode! of social and health care for all residens
of Catalonia to vse n responding to the challenge of chronicity
and dependence, pr ing health and preventing the nsk factors
of chronic diseases of highest impact, with attenton paid from the
very first phases to those of greatest complexity. As inmal object-
tves, the project involved palpating the arterial pulse, registening an
electrocardiogram and recording the results in the clectronic med-
ical records {ecap) of any citizen 240 years of age who contacted
the health system, especially a primary care provider. To regrster

patients, a specific vanable (A/AR) was introduced in the e-cap pro-
gram, which was coded 1n a different colour when the citzen be-
longed to the target group but 2ssessment had not been andertaken.

Territorial scope

Terres de I'Fbre s a territory comprising the four soothernmost
regrons of Catalonia: RBaix Fbre, Montsia, Terra Alta and Ribera
d'Fbre. The area, which encompasses 3329 km?, has a population of
191 791 in 52 municipalities with an average of 58 inhabitant</km?.
The bulk of the populavon = concentrated n the regioas of Baix
Ebre and Montsia, which consttute 81% of the region’s populason.
A total of 7.46% of the population lives n municipalities with less
than 108X} inhabrtants (coded as rural in the software), 47.66% in
those between 1000 and 10 000 inhabetants {(coded as semi-rural
in the software) and 44.87% in those of greater than 10 000 in-
habitants (coded as urban m the software). The two counties with
the oldest average popalaton (Terra Alta and Ribera d'Fbre) con-
tain no urban municipalities, The active ageing index [the rato of
the number of elderly persons (aged 65 and over) to the number of
young persons {2ged 0-14)] of these areas 15 151.5, which is higher
than that of both Cataloma {112.06) and Spain {118.43) as a whole.
With regard to the health care system, the territory has 2 general hos-
petal for the area as well 25 11 primary care teams, all managed by
the Institut Catala de fa Salut, 2 governmental agency, which holds
the medical histonies of 97.78% of the residents of the area who ap-
peared in the official census of the termtory between | January 2016
and 31 December 2017,

Type of study and description of the general and

target populations

This was an observational, cross-sectional, multi-centric and non-
mterventional study in the context of ordinary primary care practice
involving the popalation 260 years of age (m = 51 410] with an active
dinical history (ecap). A toeal of 48 336 patients withoat known AF
were incdluded in the study.

Variables

The main vaniable is whether a panient’s heartheat s thythmic or
arrhythmic, as described in the record of the patient’s medical his-
tory of case finding activity for AF during the period from | January
2014 to 31 December 2017. The patient’s record mdicated whether
azﬁn&ngwupufume&&u&&rgormmn;fmﬁsde
fined 25 pulse palpation during roatme general pracos c

ations at least ance a year, together with a 12-Jead ECC con&mmon
of an irregalar or regalar pulse (11} —foc mstance, during an annual
cardiac disease review, with the result recorded as either ‘rhythmic’
(R} or ‘arrhythmic’ (AR). Patients with a previous record of AF were
excluded {n=-3074/51 410, 5.97% | Thus, new cases of AF were clas-
sified according to their relationship to the case finding:

a) AF was detected by means of direct AF case finding activty,
which occurred by palpation of the pulse and/or registration of
an FOC m asymptomatic patents for the parpose of detecting
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an AF, which was subsequently recorded in the ecap program
{ICD code 148). Fither m an office consultation or at home, a
physician or refernng narse performed palpation andlor an ECG
as a rogtine procedure, mainly to monitor chromic cardiovascalar

Statistics

A descriptive analysis of the socisdemographic and clmical variables
was performed, describing the frequency and percentage of the cat-
cgrmczl vartables and the mean and standard deviation for the con-

conditions (hypertension, diab 1sch heart dv and
heart failure). A suspected arrhythmia via palpation was always
followed by an ECG. The medical practononer recorded any co-
incidental chnical findings of the case finding, FCG and new AF
diagnaosis.

bl The detection of AF was made without 2 direct AF screening
procedure. In these patients, AF was newly diagnosed within the
< of decisi dered in dinical practice from the presen-
tation of symptoms or exploration of other comorbidities in any
medical centre or at home, but noe those taken as result of a case
finding activity. The climical findings of the case finding andfor
FCC and the unintended new FA diagnoss were recorded.

The following secondary vanables were defined-

* Sociodemographic: Age, pender and municipality of residence
{=10 000 mhabitants, arban; 1000-10 00 inhabitants, sem-
rural and <1000 inhabitants, rurall.

* (linical mformation: Comorkedities were obtained from the
codes of the International Classification of Diseases, version 10
{ICD-10) in each patient’s clinical history, both in primary and
inpatient care settngs. 48 was the code used to select the dif-
ferent ennties of AF as the mam diagnosis. The conditions of
the CHA DS, VAS, score were included. Cognitive impairment
was unspecified and registered without noting its subtype or se
venty and evaluated using the Pleiffer score (0-10), with 0-2
errors = noemal and 23 errors - intermediate-to-severe affect-
ation.

* Cognitive impatrment was also used a5 a criterion in the diag-
nosis of a complex chronic panent (CCPY, a vanable assigned ac-
cocding to qseciﬁc critena, such as mult-maocbidity, single severe
or pu'ogn-.-wv: cbrotuc pathology, a high probability of suffering

3 and refractory pemastent symptoms,

variables. We compared these vanables according to whether
case finding was performed. Chi-sguare tests were used to compare
the categonical vanables” . and unpaired Student’s f-tests weee
used to compare the continuous vanahles. The peevalence and ad-
justed incidence by age at new AF per 1000 people were calculated,
as well as the number of necessary case fmding madents to diagnose
2 new AF case {NNSL To measure the assoaation of these varuables
with the detection of AF after case finding, we calculated the crude
odds ratio and adjusted the multivariate model valoe using logisuc
regression. With those variables that were statisncally spmificant,
another logistic regressi fel was ¢ d that included factors
assocated with 2 sgnificant mferior probabehity of having AF case
fmdmg pcrfonned, md: as the following: <70 years of age, urban

1on, Pfeiffer scale value 22 and <7 visits
mn 2017 to d'u: patient’s primary care physician. Throagh logistic re-
gression, the odds rato adjusted for all vanables was calculamed o
measure the association of this created vanable with the fulfiiment
of the case finding. Quality contral was carned out through pro-
grammes that allowed for the basic detection of erroms of two types:
parely transcniption errars and inconsistency between the values of
the vanahbles collected. Audits were carmied out to detect passibie
deviations and errors and lost values and to determine the status of
the investigation. Data analysis was perfarmed wsing the satistical
package SPSS 20.0.

Quality control

The identity of the participants was kept strictly confidential, and
therr anonymity was guaranteed at all times. The clinical applica-
von, including the cases, was subject to the current regulations for
the protection of personal data (Ley Organica 15/1999; BOE-A-
1999-23750 30V07/2018). The progect was approved by the Ethics

dynumc evalution requiring continuous monitoring, the high use
of health services, polymedication, severity, genatric syndromes
and extreme age.

® Prescription information: All medication prescribed for any ac-
tive diagnoss in the individual’s medical history was indleded.
We define ‘polymedication” as the prescrippon of 25 different
medications simultar Iy

®  Health services vanables: The frequency or ayerage number of
visits recorded m 2 primary care setting and/or at 3 referral hos-
pital over 1 year (e separately for 2016 and 2017). We quant-
fied the registered chnical visits for every medical condition, re-
gardless of the area of speciality. The median and average annual
attendance (farmly medicine plus nursing visits} were used as a
reference.

* Long-stay instit hzed Those patients m nursing
homes for the d&rly, under cﬂhef private or pablic management,
mdaﬂ\:m:of:peaﬁcpnmncmmmsfmn the territory.
P residing in such h have an active medical history
with a spectfic codln], doe to their condition.

Goals

The study's objectives were to evaluate the feasibility and effective-
ness of a popelanon-based case finding programme and to identify
the factors associated with them,

C ittee for Scennfic Re h IDIAP Jords Col, protocol number
P18/118. For this type of study formal consent is not required, as it
was approved by the Fthics Committee, and the requirement of the
mformed consent of patients was waived prior to the mcloson of
their medical data in this study. It has been registered at chnicaltrials.
gov {identfier: NCTD3589170).

Three peobability vaniables were used to identify possible dupli-
catons {2 panent’s date of birth, sex and identification number on
his or her individual health card) and ensure that each individual
in the numerator was coanted only once. Reviews were undertaken
every 6 months to detect possible deviations, errors, lost values and
extreme values, as well as to assess the status of the investgation.

The study’s effectiveness was assessed based on changes observed
in the prevalence of AF after 2 years of programme intervention and
by comparing the incid of newly dragnosed AF in the group with
case finding 25 compared with the incidence in the control groop.

Resuits

The populanon included 48 334 p ;, whose baseline character-
istics are described in Table 1. Tbemnagewu 75 years, and 87%
of the populasion had a CHA DS, VAS, score of 22. Opportunise
AF case finding was performed in 61% of the population duning
the study peniod (2016-17) (Fig. 1). The average age was higher in
the case finding group than the control group, as was their asso-
cated comerbidity, CHA DS, VAS, score (24), proportion of urban
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Table 1. Baseline characieristics of the population =60 years {Terres de I'Etire, Catalonia) comparing case finding for AF versus no case

finding (2016-17)

Variable No case finding Case finding Total
Total N > 60 years 19 320 (37.6%) 32 090 {62.4%) 51410
Sex (%)

Female 10 300 (53.3%) 17 230 {53.7%) 0.408 27 530
Male 9020 (46.7%) 14 860 (46.3%) 23 880
Average age 713=99 7512289 <0.001 7368295

Residence (%)

Urban 8370 (433%) 11 705 {36.5%) 20075

Semi-arban 6643 (34.4%) 12079 {37.6%) <0.001 18722

Rural 4307 (22.30%) 8306 (15.9%) 12613
Imstitutionalization 806 (4.17%) 510 {1.59%) <0.001 1316
Total N 2 60 years of age excluding known AF 18 739 (38.76%) 29 597 (61.23%) 48 134
New diagnoss of AF 129 (0.7%:) 765 {2.6%) <0.001 254
Total AF (%) at the end of the study 710(3.7%) J258{10.1%) «0.001 3968 {7.7%)
CHA,DS,VAS, score 212=14 3.03 = 1.0 <0.001 17=141
Heart faifure T3 (3.6%) 2687 (8.4%) <0.001 3390
High hlood peessure 7743 (40.1%) 21 3% (66.7%} <0.001 29113
Brain stroke/Transient lchemic Attack 243 (1.2%) 689 (1.1%) <0.001 932
Vascular disease 566 (1.9%) 1902 (5.9%) <0.001 2468
Ischaemic cardiopathy 683 (3.5%) 2264 {7.1%) <0.001 2947
Diabetes meliitus 2079 (10.8%) 8757 (27.3%) <0.001 10 838
Impaired renal function (dialysis, renal transplantation or 276 (4.3%) J122(9.7%) <0.001 3998
serum creatinine »200 pmaolfl)
Average plomerular filtrate (mlimin) 77.2:199 7432102 0.180 75.01= 194
Chronic liver disease or impaired hepatic function (hilirubin »2x or 26 (0L1%) 50 ({0.2%) 0.833 74
serum glutamic-pyruvic transaminase or serum glutamic-oxaloacetic
transaminase or alkalme phosphatase »3x the normal limit)
COorp= 1469 (7.6%) 3517 {(11.0%) <(L.O01 4986
OSASE 290(1.5%) 767 (2.4%) <0.001 1057
Anticoagulant treatment 550 (2.9%) 2759 (8.6%) <0.001 (B3.5%)

Antr-vitamin K 418 (2.2%) 2284 (7.1%) <0001 27m

NOAGS 132 (0.6%) 475 (1.5%) <0.001 607
Statins 4471 (23.1%) 12 191 {38.0%) <001 16 662
Cognitive impairment and/or Pleiffer »2 score 963 (5.0%) 1691 {5.3%) 0162 2654
Average Pleiffer score 14:33 23=18 <0.001 258=29
Namber of CCM™ critena 0.3=017 0.6=021 <0.001 0.5=:021
Charlson Comorbidity Index 0.72 = 1.06 115 =122 <0.001 .99 = 1.18
Number af drugs 386 =370 $7=3.77 0.007 493=38
Average number of visitéfyear (P(T} 915117 183 = 15§ <(.001 149 =149
Median mumber of vists (PC) ) 14 <0.001 11
Average number of visitsfyear (HOSP) 0.17 = 1.06 L1512 <001 0.23 = 0.38

“Chronic obstructive pulmonary dsease.

*Obstructive sleep apnoea syndrome.

“Novel oral anticoaguiants.

“Chranic complex patient.

“Prumary cre.

'Hospatal.

residence and frequency of their prmary and hospital care {Table 21,
By contrast, the mean score on the Pfeiffer wst for the case finding
group was significantly lower than that of the contral group. The
number of patients receiving anticoagalant treatment (84.7%) was
significantly higher (I < 0.001) in the case finding group than in the
cantrol group (77.4%).

A significant increase in the prevalence of AF was observed be-
tween the beginning and end of the programme assessment {5.9%
versus 7.7%, respectively; P < 0,001). The detection of new AF
cases was significantly higher in the case finding group for the full
age range {Table 3). Two hundred and one new AF cases were de-
tected by performing case finding, 2ccounting for 0.6% of all people
screened and 26.3% of all new AF cases diagnased in this groap. The

number of case finding incidents (NNS) required for a new AF diag-
nosis asing the opportumistic detection procedure was 147, which
decreased progressively with age.

The prevalence of a stroke was sigmficantly higher In the pres-
ence of AF than in the group without diagnosed AF (4.4% versas
1.6%; P < 0.001). The number of patients prescribed anticoagulant
treatment was significantly higher in the group with a case finding
of AF than m the control groap (84.7% versus 77.4%; P < (.0D1).
The treatment with direct anticoagulant in the noncase finding
group was higher (18.7% versus 14.6%; P - 0.001) than n the
control groap.

We analysed those vanables related 1o the lack of performance
m case finding. After adjusting for all vanables, we obtamed those
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Figura 1. Fowchart of AF n2se finding in population 2€0 yoars (Terras de I'Ebre, Catsioniz, 2016-17).

Table 2. Faclors associaled with the realization of AF case findging in pecple >80 years (Terres de I'Ebes, Calalonia, 2016-17

0Z0Z Aey Gz Lo san AQ OZGZ| BS/C2OREULYEAOLERDED | ) NORTESSGE-SDRIE-ROUBADE /90 LLIE3 LI AN DILUGPROBY SR WOS POPEOILWMOQ

OoRn I95% r *ORa) CI95% r

Sex

Female 1 1

Male 0.98 (0.95-1.02) 0.403 .02 {0.93-1.28} 0.292
Age (years)

50-69 1

70-79 247 (2.36-2.58) «0.001 L.73 (1.32-2.27) «<D.001

B0-89 1 (2.65-2.93) «<0.001 169 {1.32-2.17) <0.001

=90 1.74 (1.61-1.88) <0001 133 {1.02-1.73} 0.032
Residence

Urban 1

Semi-arban 1.30 (1.25-1.35) «<0.001 137 (L.1e-1.61) «<0.001

Raral 138 |L25-1.44) «<0.001 1.02 {0.86-1.21) 0.833
Institutionalized

No 1

Yes 037 (0.33-0.41) «<0.001 .38 (0.31-0.47) <0001
Meiffer score

<2 1

»2 051 ((L.45-0.59) <0001 .59 {0.51-0.69) «0.001
Charlson's Comorbidity Score

0 1

1 143 (2.32-2.56) <0.001 136 (L.11-1L65) (.002

2 151 (1.73-1.90) <0.001 1.27 {1.04-1.56} 0.018

3 2.97 2.753.19) <0.001 1.22 (0.98-1.53) 0.079

4 3.74 13.26-4.29) <0001 151 (1.11-2.03) 0.008

5 3.29 2.57-4.20) «0.001 1.02 (0L67-1.55) 0.937

3 2.51 [1.46-4.31) 0.010 .68 (0.31-1.52} 0349
Number of visits to PCin 2017 1.07 (1.07-1.08) <000 L.02 (1.01-1.03) <0.001

95% confidence merval.

N0dd ratio adjusted for all variables (multivariate moded).
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Table 3. Adjusted Incldence of new diagnosed AF in peopie 260 years {Terres oa 'Ebre, Catalonis) by age (2016-17)

Ape Toral N Total new  Population without case finding Popalation with case findmg r
(years| AF cases
(2016-17) N Total new  Incidence of new N Total new AF Incadence of new
AF cases AF cases/1 M Vyear cases (2016-17)  AF cases/1000Vycar
(2016-17)  (CI95%) (C195%;)
6069 19 958 129 10 164 24 1.2 {0.7-1.7) 9794 105 5.3 (4455 <0.001
70-79 15408 286 4624 35 18 (2.7-5.7) 10784 251 1.6 (10.2-13.1) <0.001
S0-89 10 181 345 2878 45 8 {5.8-10.6) 7303 299 20.4 (18.2-229) «<0.001
250 1789 134 14073 24 11.2{7.1-16.6) 1710 110 32(26.3-33%) <0.001
Toeal 48 336 894 I8 739 129 341840 29597 765 129 (12-13.6) <0.001

identified 25 statistically significant (Table 2) and associated with not
having oppartunistic case finding for AF: age <70 years, urban rea-
dence, institutionalizad status, PMeiffer score 22 or a record of ‘cog-
nitive impairment’, a Charlson score 3 and a lower than average
number of physician visits for the terntory, We identified no differ-

ences associated with sex.

Discussion

In this study of over 48 000 panents aged 84} and older in one region
of Spain, 61% of the eligible population underwent case finding for
AF over a peniod of 2 years, and the mcidence of new AF cases de-
tected was three times higher in the case finding population than the
control group. A relatonship between the performance of opportun-
istic case finding and its possible factors was also foend.

The results of the study cannot prove causality bat are nonethe-
lesx wuseful in the assessment of some bamers to and factors asso-
ciated with a lowes probabilicy of performing case finding, which
coald imprave its implementation in pnmary care and lead to more
effective results. The results show an associztion of case finding with
an increased diagnosis of AF, and the effectiveness of case finding
was condrtioned by vanables including age, residence, institutional-

tion and ¢ rbedities under usual conditions of care after a pilot
health project was applied (4}, Moreover, case finding was credited
with detecting around one quarter of undiagnosed AF cases.

Other ongoing studies on case finding focus mamly on the ef-
fectiveness of different types of strategies (6) and on different de-
vices and their sensitivity (17,18}, but thece remain no studies that
have described possible barriers to AF case finding. The use of pulse
palpation (erther manaal or automatic foe 30 seconds during an or-
dmary visit) has been recommended as the first step m case finding
for detecting AF (22), but it is still necessary to confirm the diag-
nosis by 2 register [such as 2 Holter device} (23], Previous ocher
studhies using this method m different popalations worldwide have
produced contradictory results reparding its effectiveness (6,25,26).
Nevertheless, this methodology could have lower sensitivity {27) for
detecting AF (17) when compared with other methodologies using
technology (16,21,28). The impl 1on of new digstal technolo-
gies could improve the results of AF case fmdmg, especially for popu-
Lations at higher risk of AF (16}

In our study, opportunistic case finding facilitated the diagnosis
of new AF in patients with a high nisk of emholism; 87% of the new
AF cases had 2 CHA DS, VAS_ score of =2. This was consistent with
the results of other studies {24). Consequently, anticoagutant treat-
ment was used significantly more in this subgroup {77.4% versus
84.7%; P < 0.001). The low incidence of strokes duning this penod
and the cross-sectional nature of the study prevented a conclusion

about the uscfulness of this method in redocing the incidence of
strokes in the populaton,

In additi ing the effectr of a health care pro-
gramme, another important aspect of implemenning it is to identify
the difficulties of carrying out case finding for AR We have identified
same variables related to the underuse of opportunistic case finding
for AF by pulse palpation that had not previously been wdentified
and should be taken into account in the implementation of a health
care program. The first vanable was the patients’ place of residence;
thase living m an urban zone were less hkely 1o recerve caxe finding
for AE One possible explanation for this couid be that there are no
urban municipslities in the two districes with higher demographic
ageing where the study took place. The significant association of the
number of physician visits with the perfor of apport L
case finding has positive implicatrons for the accessibility and per-
formance of an AF management pathway in pnmary care (24,26). If
the number of visits increases, so does the probability of case Ainding
and detecting new AF; thas, it woald be justifiable to evaluate case
finding strateges, such as the performance of self-monitoring of the
patient by self-palpation {27,21) oc the use of technological devices
{14,18.27.21,30) and the participation of other centres of health
care, sach as plumunes (31 323 The low percentage of AF iden-
ufied g inst o a subgroup with higher
CV factors, a very high cmbobc risk due to habital bedding and
plunpathology and, wsually, the typical conditions described for
CCPs—should prompt the inclusion of opportumstic or systematc
case fimding in this population. The fact that institutionalized pa-
tients have less AF identified, can also be explained by the d:iffi-
culties these pati have in accessing their Gf's more frequently
because of their fragile health. A Pfeiffer score of 22 or a determin-
ation of ‘cognitive impairment” could be assocated with a greater
probability of mstitutionalization for these patients and therefore
may limit their access to health services. Similarly, the presence of
few comorbidities and 2 Charlsan score of <3 coald be associated
with fewer medical visits and therefore with less case finding in
these patients.

The himitations of this study include 1s non-randomization and
its duration compared with the follow-up visits with these patients. It
henefits from being performed under the usual circumstances of clin-
ical practice, and it fulfils most conditions of a quasi-expenmental
study. It s limited by its duration to mmimal follow-op regarding
stroke incidence m these patients.

n to deter

Conclusions
The performance of opportunistic case finding s associated with a
sigmificant increase in the recorded prevalence and inadence of AR
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Results, barriers and enablers in atrisl fibrillation case finding

There is a relationship between the performance of opportunistic
case finding and factors ke the frequent use of health services, age,
place of residence and bidities. These should be idered m
an AF case finding pathway in primary care.
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INTRODUCTION

Atrial fibrillation (AF) is one of the fastest-growing
cardiovascular epidemics of the twenty-first century (1)
This heart rhythm disorder multiplies by five the risk of ischemic
stroke (2), and its prevalence in the population over 60 years has
been quantified at 10.9% (3). Anticoagulation may reduce stroke
risk in AF individuals by ~~60% (4}, but unfortunately, given
its paroxysmal and asymptomatic nature at earlier stages, AF
is often undiagnosed and/or undertreated when stroke occurs.
In 2 previous study, the ahsolute prevalence of undiagnosed AF
in individuals over 60 years was 3.4%, representing up to 31%
of the overall AF prevalence in our ares (5, 6). International
collaborations (7, 8) recommend opportunistic screening for
AF in patients =65 years as a strategy to reduce stroke and
death, but systematic screening programmes have failed to
show a clear benefit and those strategies are lacking in high-risk
populations (2-11).

Blood biomarkers might represent an alternative tool for AF
screening, because some of them might have elevated circulating
levels after AF paroxysms, a kind of "biological memory” offering
a temporal advantage over electrical detection of the paroxysm
itself. N-terminal pro B-type natriuretic peptide (NT-proBNP)
has been found to be elevated in cardioembolic (CE) stroke
(12) and to be associated with AF (13-16). Von Willebrand
factor (vWF) was found to be elevated in non-valvular AF (17)
and, together with apolipoprotein CIIl (ApoC-111), was found
to be predictor of stroke CE etiology [unpublished results from
the Stroke-Chip study (18)]. ADAMTS-13 is the key regulator
of vWE and it has been associated with AF recurrence after
cardioversion (19). Urokinase plasminogen activator surface
receptor (uPAR) has been associated with AF prevalence (20)
while its ligand, urokinase plasminogen activator (uPA), has not
been studied in AF patients.

This study aims to determine the usefulness of the
aforementioned biomarkers to identify AF individuals in the
context of a screening programme, especially in cases of
paroxysmal AF that would not be detected using a regular 12-
lead ECG.

MATERIALS AND METHODS

Patients and Protocol

AFRICAT (Atrial Fibrillation Research in CATalonia;
NCT03188484) is an observational, multicenter, population-
based study with the aim of developing a screening programme
to detect new cases of AF in high-risk individuals in primary
care centers. In Phase 1 of the project, 100 subjects aged 65-75
with hypertension and diabetes were selected from primary care
registers (e-cap), which include the clinical records from most
Catalonia inhabitants between January 2016 and December 2017.
In two ditferent health service areas, Servei d'Atencié Primaria
(SAP) Muntanya and SAP Terres de I'Ebre, patients fulfilling the
inclusion criteria were identified in primary care centers from
each catchment [Centre d'Atencié Primaria (CAP) Sant Rafael
and CAP Trinitat Vella in SAP Muntanya; Equip d'Atencié
Primaria (EAP) Tortosa Est and EAP Tortosa Oest in SAP Terres

de I'Ebre]. Physicians from these primary care centers were
informed about the study protocol, and patients were invited by
them to participate in the study until 50 patients were recruited
in each catchment. Participants were ambalatory patients in a
basal situation, meaning they were contacted at home to arrange
a visit in their primary care center specifically for the study.
During the appointments, patients received a comprehensive
assessment consisting of clinical characteristics {demographic
factors, vascular risk factors, medications, comorbidities, and
vitals), electrographic assessment and a blood sample collection.
Comorbid conditions were defined using standard outpatient
and inpatient ICD-10 codes by electronic data capture, including
pharmacy records, laboratory data, and emergency room
and hospitalization diagnoses across all primary care centers
and hospitals.

Individuals with chronic inflammatory diseases, cancer or
dementia were excluded AF was assessed by conventional
electrocardiogram (ECG). Moreover, patients were monitored
for 4 weeks with a wearable Holter device (Nuubo™) as
described previously (21). The Holter device was composed of
a sensor that captured the electrocardiographic signal by non-
invasive textile electrodes and a recorder of the signal that stored
the information for subsequent detailed analysis. Participants
were instructed by local trained researchers to wear the Holter
for 23h and recharge it for 1 h daily. After 4 weeks, individuals
brought the Holter to their primary care center, and data were
collected. Holter records, anonymized and encrypted, were sent
together with the ECG for blinded reading to the Rhythm
Disorders Unit at the Cardiology Department of Hospital Virgen
del Rocio in Seville, 1o verify AF episodes. AF was defined
following AHA guidelines as irregular R-R intervals without a
P wave signal, lasting for more than 60s (22). Individuals with
previous AF were not excluded at this step, but Holter monitoring
was optional in this subgroup.

Patients were classified and compared in five groups defined
by past medical history (PMH) for AF ECG findings and
Holter AF detection as follows: no AF, PMH-ECG-Holter+
[Holter-detected AF (hAF)|, PMH-ECG+, PMH+ECG-, and
PMH++ECG+-. Specific comparisons were done between the hAF
and no AF groups.

The AFRICAT study protocol was approved by the clinical
research ethics committees of IDIAP Jordi Gol (P15/047) and
Hospital Universitari Vall dHebron [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.

Biomarker Measurement

Blood was collected into EDTA and serum tubes at the
time of inclusion. After centrifugation at 1,500 g and 4°C for
15 min, plasma and serum aliquots were frozen at —80°C until
biomarker determination.

Plasma NT-proBNP levels were determined by automated
immunoassay in a COBAS c8000 (Roche Diagnostics); serum
ApoC-I1I, plasma uPAR and plasma uPA by ELISA (Abnova,
R&D Systems, and Cloud-Clone); and plasma vWF and
ADAMTSI3 by a magnetic Luminex® assay (R&D Systems).
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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 using the Z-score.

Statistical Analysis

Statistical analysis was conducted with SPSS version 20. Graphs
were elshorated with GraphPad Prism 6. Data are 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 Students f-test was used for continuous
variables, and the y? test was used for categorical variables.
ANOVA or the Kruskal-Wallis test was used to compare
>2 variables depending on variable distribution. Receiver
operator characteristic (ROC) curves were configured to calculate
sensitivity, specificity, and cut-off values. The Spearman test was
used for correlations. Comparisons were first performed between
AF patients and no AF patients and second between hAF and
no AF patients (excluding other subtypes of AF). Binary logistic
regression analysis was performed including variables associated
with AF or hAF in univariate analysis.

RESULTS

Patient Characteristics and AF Detection

Clinical characteristics of the cohort can be found in Table 1.
Coronary heart disease (p = 0.008), heart failure (p = 0.007),
valvular diseases (p = 0.024), and use of anticoagulants

(p < 0.0001) were more common in AF individuals. Of
the ¢ anticoagulated individuals, only one was anticoagulated
for reasons other than AF (ischemic cardiopathy and deep
venous thrombosis). The CHA2DS2-VASc score was higher in
AF individuals (p = 0.035). Coronary heart disease ischemia
was more common in hAF individuals compared to no AF
(p = 0.032). No cases of heart failure, valvular disease or
anticoagulation were present in this subgroup.

Of the included 100 individuals, 96 were monitored with
ECG Holter. All patients with negative ECG were monitored.
Median monitoring time was 457 h. Six cutaneous adverse events
related to wearing the Holter were noted; these consisted of a
rash that normally disappeared with topical steroids. However,
in two subjects, these adverse events prevented the monitoring
being continued.

Of the 100 selected subjects, AF was present in 20 (11 newly
detected within the present study) dlassified as follows: 7 PMH-
ECG-Holter+ (hAF), 4 PMH-ECG+, 2 PMH+ECG-, and 7
PMH+ECG+ (Figure 1).

In 14 individuals (11 newly detected and 3 PMH+ECG+
were monitored), AF was detected during Holter monitoring and
AF burden was calculated AF burden was defined as minutes
being in AF divided by the total minutes of readable records
and is expressed as 2 percentage. The median AF burden was
10.35% (1.00-56.50).

Biomarker Analysis

NT-proBNP, ApoC-1I1, sUPAR, vWE, and ADAMTS!3 inter- and
intra-assay variation was acceptable (coefficient of variation < 20);
hence, all the samples were included in the analysis. uPA levels
were standardized because the inter-assay variation was higher
than 20%, and 9 samples were eliminated from statistical analysis

TABLE 1 | Cinical characteriziios of the cohort and comperscn ding to atral forilation dagnoss.
All patients (100) AF {20) No AF (80) hAF (7) P-value™ P-value®

e 70 [63-73} €9 |66-71.6) 70 [63-73 70 B5-72) 0273 05886
Sex (% fernala) 33 33} 735 25 (2.5 2[@2.9 oaz 0ge2
Tobecco 20 (20} 4(20) 16 (0.3 1(14.3) 1000 1.000
HAcorol 11y 15 10 (12.5) 0y 0456 1.000
Dyspidasmia a1 81} 1687 65 B1.3 5(71.4) 1000 0618
Cororary heart daoase 18 (18) 840 10 (12.5) 3[42.9 0.008 ooz
Heart faitse @ ang oo oy 0.007 1.000
Vahadar deease 48 3(15) 1(13) o o024 0.767
Frovious stroke 6B 210 15) og 0587 1000
Anticcagdation 8@ 840 113 oo 0.0007 0820
fntiplnsiots 50 (50} 7 (38) 43 (838 342.9 0134 0.702
Familar history FA 55 Z{10) 339 og 0273 1.000
S8F, mem Hg 14350 (134-163 140.6 (127 5-182.5) 144 (134-151.75) 140 (124188} 0973 0773
DEP, mm Hg 7895+ 10.08 8085 4 1085 7845 £ 9.80 70.14 = E68 0332 087
Heart rate 77.94 £ 1570 7725 + 1684 7E11 £ 1548 7Ta+2204 0.724 0421
CHAL DS, - WASe 434 434 43-8) 4 (3-5 0.036° 0284
P yasbuo companson AF v no AF,

*P.valus companison AF vs no A

P < .05 AF, atred Sbriletion; D8R, diasiole Bood procaure; WA, Holter datactod atrad @efinton: SEF sysioko bood prasara.
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FIGURE 1 | Subect chassfication. indradunis ween classfied depanding on AF presencs and subgroups wers made depending on AF dotection with didecent

TABLE 2 | Bomarkes levels and campansans botween diferent groups,

AF (20) No AF (80} hAF (7) P-value* P-value®
NT-proBNP (pg/mi) 64386 6428 (37.08-133.10) 12830 =0.0001" 0.0
[166.72-1338.25) @7.68-191.5)
ApoC- [rg'ml 107,594 104,450 (766 64-130,333) 105352 0498 0574
{82 501-126262.06) (91,566-132,268)
AOAMTS13 [ng/mal) 113124 £ 471419 1221.41 £ AEG.BO 1271.66 -+ 561.01 0A37 0.788
WAF jnoml) 0.139 £ 0.062 0.133 £ 0708 0.146 £+ 0.060 0.3e7 0802
uPA (stdF 201 {1.41-2.39) 1.60{1,38-235) 1.68 {1.23-2.35) Q.720 08es
uPAR (pgfmi) 222080 2287 54 (1618.33-2763.06) 224612 0683 0g18
(B5T 74-2810.62) (1926.03-268.23)
P sio companson AF v no AR,
P b cormparson PAF va no AF
=Ninaty-one inddunis ncludad 0 $10 A analysis (73 no AF and 18 AF, of whomn § wars hAF).
P - 0.06. A, atra fbriftior: ApoC N, Apoipopratan C-8; BAF, Holfer-datactod group: NT-prafiNF, Ntenmarad pro B-typo namerstc paptida; vAF, von Wilsbrand botor; o

wrakinase phaminogen actvador; uPAA,

because their duplicates showed CV > 20%. Median levels and
comparisons are shown in Table 2.

AF vs. No AF
NT-proBNP was significantly higher in individuals with AF
compared with no AF [643.65 pg/ml (IQR 155.72-1339.25)
vs. 6428 pg/ml (IQR 37.08-133.10), p < 0.0001; Figare2A],
while the remaining biomarkers were not different between
the two groups (Sapplementary Figures 1, 2). The NT-proBNP
distribution across the different subgroups is shown in Figare 2B.
In addition, AF burden was correlated with NT-proBNP (r =
0.597, p = 0.024; Figure 2D). The discriminating ability (area
under the ROC curve) of NT-proBNF was 0.900 (95% CI, 0.8274-
09726, p < 0.0001) to detect any AF (Figare 3A). The cut-off
point of NT-proBNP of =95 pg/ml showed 95% sensitivity, 66.2%
specificity, 41.3% positive predictive value (PPV), and 98.1%
negative predictive value (NPV) to detect any AF (Figure 3C).
Anticoagulants (OR = 18.90; 95% CI, 2.10-169.83; p = 0.09)
and NT-proBNP =95 pg/ml (OR = 22.42; 95% CI, 2.74-183.15;p
= 0.04) were the only independent predictors of AF in the logistic

surtaco recaplor

regression analysis performed in the whole cohort. CHA2DS2-
VASc was an independent AF predictor when considered alone
in the regression analysis (OR = 2.29; 95% CI 1.16-4.44; p =
0.017). However, after the addition of NT-proBNP=>95 pg/ml,
CHA2DS2-VASc was not significant in the model.

Alternatively, the cut-off point of NT-proBNP of =125 pg/ml,
which is recommended for heart failure diagnosis in the non-
acute setting, showed 85% sensitivity and 73.8% specificity, 44.7%
PPV and 952% NPV. NT-proBNP=>125 pg/ml was also an
independent predictor of AF (OR = 8.85; 95% ClI, 2.17-35.95;
p=10017).

Sensitivity analysis was performed while excluding the patient
who was anticoagulated for reasons other than AF, and the results
were similar.

hAF vs. No AF

NT-proBNP levels were different between no AF and hAF [64.28
pg/mi (IQR 37.08-133.10) vs. 128.3 pg/ml (IQR 97.69-191.3),
p = 0.031; Figare 2C| while other biomarkers did not show
ditferences (Supplementary Figures 1, 2). Patients without AF
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and with a Holter monitoring time below the median (457 h)
were removed and all aforementioned comparisons were tested
again, with similar results (data not shown). The discriminating
ability (area under the ROC curve) of NT-proBNP was 0.7464
(95% CI 0.6087-0.8841, p = 0.031) to detect hAF (Figure 3B).
The cut-off point of NT-proBNP of =95 pg/ml showed 85.7
% sensitivity, 66.2% specificity, 18.2% PPV, and 98.1% NPV to
detect hAF (Figare 3C).

The logistic regression analysis performed on this subgroup
confirmed that NT-proBNP >95 pg/ml was an independent
predictor of Holter-detected atrial fibrillation (OR, 11.778;
95% CI, 1.35-102.85; p = 0.026). No clinical variable was an
independent predictor of AF detection.

Alternatively, the cut-off point of NT-proBNP of =125
pe/ml showed 55.1% sensitivity, 73.8% specificity, 16% PPV, and
952% NPV. NT-proBNP >125 pg/ml also was an independent
predictor of AF (OR = 8.85; 95% Cl 2.17-35.95; p = 0.017). NT-
proBNP =125 pg/ml was not an independent predictor of hAF.

DISCUSSION

The prevalence of AF in our population was 20%, of which
55% were newly detected AF individuals. This prevalence is

higher than reported in previous screening studies (from 2.3 to
12.3%) (10, 11). Most such studies have only used ECG or pulse
devices instead of long-term monitoring, so they have missed
cases of paroxysmal AF. Moreover, we used a targeted screening
approach, focussing on a high-risk population with advanced
age and other conditions related to AF, such as hypertension
and dizbetes, who should present a higher AF prevalence (23).
Longer monitoring in a high-risk population might therefore be
a good strategy to further explore in larger cohorts. Other studies
using long-term monitoring with insertable cardiac devices or
pacemakers in patients without prior history of AF have also
shown a higher prevalence of AF (24). In fact, in the recent
REVEAL AF trial, detection rates of AF rose with the monitoring
time (25). Moreover, in patients with cryptogenic stroke, long-
term monitoring was found to be associated with higher rates of
AF detection, with a significant impact in secondary prevention
(26). However, although it could become the gold standard
for AF detection, long-term monitoring devices are expensive
and unsuitable for application in primary care. In that sense,
biomarkers might be used as cost-effective alternatives for AF
systematic screening.

The present study suggests that NT-proBNP might be used
as a screening biomarker to detect even paroxysmal AF in
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asymptomatic, high-risk individuals. The focus of the present
study was to assess the predictive ability of NT-proBNP and
other biomarkers to diagnose paroxysmal atrial fibrillation and
be used as the first step of a screening workflow. In fact, the
best screening biomarker in this context would be able to detect
those cases impossible to notice with other available tools, such
opportunistic ECG or hand-held ECG devices. 1t should be
mentioned that paroxysmal AF (pAF) patients also can have
increased risk of stroke (27, 28). Moreover, pAF may progress to
permanent AF within a year in almost 20% of cases in the aging
popalation (29, 30).

Previous studies have suggested NT-proBNP as a
screening tool (I14-16), but a limited length of monitoring
might have misclassified some cases of paroxysmal
atrial fbrillation. Owr study overcame this limitation by
recording patient’s heart rhythm continuously for 30 days
using a Holter monitor, allowing us to detect more AF
cases. This is to our knowledge the longest period over
which asymptomatic individuals have been monitored
to detect atrial fibrillation in a biomarker study, if we
exclude studies using pacemakers (13). The limitation of

pacemakers is that their use is restricted to very specific
populations with cardiac diseases that could affect some
biomarker levels.

In the pilot study of Seegers et al (14), in addition to a
limited 7-day Holter ECG for the evaluation of paroxysmal AF,
patients were preselected as those with lowest and highest NT-
proBNT quartiles, overestimating the discriminatory value of
the biomarker. In our study, inclusion was performed before
any biomarker determination, and 4-week Holter monitoring
was used as the gold standard to assess the usefulness of
blood-based biomarkers in AF screening. Although individuals
with AF detected by other methods were not excluded from
the whole study, to increase the statistical power, specific
comparisons were performed while excluding these patients and
only taking into account AF cases detected with long-term
monitoring, ie., cases with neither previous AF history nor
detection during electrocardiographic assessment. Even though
few patients were part of this group, specific comparisons
showed the usefulness of NT-proBNP to identify those patients
outside AF paroxysms. After validating those results with
a larger cohort, NT-proBNP could be implemented as part
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of a screening programme to indicate long-term monitoring
in patients with a risk biological profile. Such a protocol
would identify patients at risk of AF who would benefit from
anticoagulation, thereby improving primary stroke prevention
by preventing cardioembalic stroke, which is associated with
the poorest disability and mortality rates among stroke
etiologies (31).

Additionally, we proposed for the first time a specific cut-off
point for atrial fibrillation screening. Seegers et al. (14) suggested
that NT-proBNP could be used for stroke prevention after finding
increased values in AF individuals, without indicating any cut-
off. Svenberg et al. (15} and Ghazal et al. (16) proposed a cut-off
point of NT-proBNP =125 pg/ml, which is the recommended for
heart failure in the non-acute setting (32). Here, NT-proBNP =95
pe/ml reached high sensitivity (95%) even to detect paroxysmal
AF individuals (85.7%). In fact, in our cohort, this cut-off point
only misclassified one paroxysmal AF individual. Although the
NT-proBNP biomarker is not specific for AF and might be
elevated in other cardiac diseases and renal dysfunction (33),
a high sensitivity is more useful than specificity for screening
purposes. NT-proBNP might be rapid and easy to use to identify
all patients who need follow-up Holter monitoring since it is
already widely employed as a point-of-care analysis tool for
heart failure.

Although it might be suspected that elevated NT-proENP
levels were due to a higher burden of heart failure and other
cardiovascular diseases in the atrial fibrillation subjects of our
cohort, in the hAF group, there were few individuals with
known comorbidities that could affect NT-proBNP levels. In fact,
in this group, there were no cases of heart failure, and there
were only differences in coronary heart disease when compared
to no AF individuals. In addition, the study was carried out
at the outpatient clinic, and therefore, no patient was in a
situation of acute decompensated heart failure. This, combined
with multivariate analysis, confirmed the independent value of
NT-proBNP in diagnosing paroxysmal atrial fibrillation.

ApoC-I1I, vWF, ADAMTSI13, uPAR, and uPA were not
elevated in AF individuals in the present study. Although
associated with cardioembolic stroke or AF recurrence, these
biomarkers might not be useful in the context of AF
screening. However, it would be interesting to perform further
discovery studies to find new biomarkers that might be used
in combination with NT-proBNP, increasing its specificity
and sensitivity.

Interestingly, the present study showed that a higher level of
NT-proBNP was correlated with higher AF burden, a conclusion
based on continuous Holter monitoring. This tendency was
also reflected in the distribution of NT-proBNP levels between
the groups, with higher levels in individuals with a previous
medical history of AF compared with individuals with hAF,
as shown in Fi 1B. In facl, some studies have suggested
that AF burden is related to higher stroke risk (34), and other
biomarker-based models have confirmed NT-proBNP as a stroke
risk surrogate (35).

Although the present study was performed in asymptomatic
patients, NT-proBNP might also be useful for detecting
cryptogenic stroke patients with occult AF. Recently, the negative

results from clinical trials of embolic strokes of undetermined
source (ESUS) patients receiving non-vitamin K antagonists
{NOACs) (36, 37) indicate that this is a heterogeneous group
of patients who need different management, only a minority of
whom have undetected paroxysmal AF (38), In fact, the ongoing
ARCADIA trial (39) will test the use of anticoagulants in ESUS
patients with atrial cardiopathy using high NT-proBNP (=250
pg/ml) as one of the inclusion criteria.

Our study has some limitations. First, the participant selection
was not randomized and might have suffered some selection
bias: the high rates of AF might not be attributed only to
the selection of high-risk patients and long-term monitoring
but also to patients with more cardiac comorbidities being
more prone to participate. The small sample size and the
small number of patients with AF suggest that these results
should be interpreted as hypothesis-generating. The protocol
of the study did not include an echocardiography, missing the
opportunity to establish correlations between biomarkers and
left atrial diameter. Finally, the included population presented
specific risk factors, and the results may not be directly applicable
to populations with other combinations of risk factors. Further
validation studies in larger cohorts are needed.

CONCLUSIONS

NT-proBNP was found to be elevated in AF individuals
compared to controls. This biomarker also detected cases of AF
not previously known or detected by ECG. NT-proBNP may
be useful as a screening biomarker in asymptomatic high-risk
populations with a promising cut-off point of 95 pg/ml that
requires further validation. A screening strategy based on NT-
proBNT, zlone or in combination with other biomarkers, might
be of interest for the early initiation of anticoagulants, which
could reduce cardioembolic stroke consequences.
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