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Abstract

ABSTRACT

Antti Palomiki, MD

REAL-LIFE CHALLENGES OF STROKE PREVENTION IN PATIENTS
WITH ATRIAL FIBRILLATION - THE FIBSTROKE STUDY

University of Turku, Faculty of Medicine, Department of Cardiology and Cardi-
ovascular Medicine, University of Turku Doctoral Programme of Clinical Inves-
tigation; Heart Center, Turku University Hospital, Turku, Finland

Annales Universitatis Turkuensis, Painosalama OY, Turku, Finland 2017

Background: Oral anticoagulation (OAC) significantly reduces the risk of stroke
and mortality in patients with atrial fibrillation (AF). The purpose of this disserta-
tion was to analyze stroke patients with previously diagnosed AF and to identify
the circumstances predisposing these patients to cerebral thromboembolism.

Methods: The FibStroke registry includes 4311 patients with previously diag-
nosed AF, who suffered 3252 ischemic strokes, 956 transient ischemic attacks
and 794 intracranial bleeds during 2003-2012. The data were retrospectively col-
lected from four hospitals in Finland.

Results: 1) Almost half (49.1%) of the ischemic strokes and transient ischemic
attacks occurred in patients who were not using OAC. 2) In patients with parox-
ysmal AF, 6.4% of the strokes occurred after cardioversion of AF. Of these
strokes, 78.2% occurred after cardioversion of acute AF, while 65.4% occurred
to patients who were not using OAC. 3) Postoperative ischemic strokes account-
ed for 6.0% of all strokes in patients with AF. Previously used OAC was inter-
rupted for 81.2% of the operations preceding ischemic stroke. Of the postopera-
tive intracranial bleeds, LMWH bridging was used in 54.5% of the operations. 4)
Mortality during the 30 days following a stroke was significantly lower in pa-
tients with paroxysmal AF compared to patients with chronic AF (10.2% vs
20.3%).

Conclusions: A significant proportion of the strokes in patients with AF oc-
curred in patients who had not been using OAC or who had undergone cardiover-
sion or operation during the previous 30 days. The type of AF (paroxys-
mal/chronic) may be a more important prognostic marker than previously
thought.

Keywords: Atrial fibrillation, stroke, anticoagulation
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TIIVISTELMA

LL Antti Paloméki

TOSIELAMAN HAASTEET ETEISVARINAPOTILAIDEN AIVOVEREN-
KIERTOHAIRIOIDEN EHKAISYSSA — FIBSTROKE-TUTKIMUS

Turun yliopisto, Lédketieteellinen tiedekunta, Kardiologia ja kardiovaskulaari-
ladketiede, Turun Yliopiston Kliininen tohtoriohjelma; Sydankeskus, Turun Yli-
opistollinen Keskussairaala, Turku, Suomi.

Annales Universitatis Turkuensis, Painosalama Oy, Turku, Suomi 2017

Tausta: Antikoagulaatihoito vdhentdd huomattavasti eteisvérindpotilaiden aivo-
verenkiertohdiriditd ja kuolleisuutta. Tdmén véitoskirjan tavoitteena oli tutkia
aivoverenkiertohdirioon sairastuneita eteisvarindpotilaita, ja erityisesti niitd seik-
koja, jotka altistivat nima potilaat aivoverenkiertohdiridlle.

Menetelmiit: FibStroke aineisto siséltdd tiedot 4311 eteisvérindd sairastavasta
potilaasta, joilla todettiin yhteensd 3252 aivoinfarktia, 956 ohimenevdi aivove-
renkiertohdiriotd (TIA-kohtausta) ja 794 kallonsisdistd verenvuotoa vuosina
2003-2012. Aineisto keréttiin takautuvasti neljdn suomalaisen sairaalan potilas-
tietojarjestelmista.

Tulokset: 1) Aivoinfarkteista ja TIA-kohtauksista 49,1 % ilmaantui potilaille,
joilla ei ollut antikoagulaatiohoitoa kiytossd. 2) Kohtauksellista eteisvirinai sai-
rastavien potilaiden aivoinfarkteista 6,4 % ilmaantui 30 pdivan kuluessa rytmin-
siirrosta. Naistd aivoinfarkteista 78,2 % ilmaantui akuutin eteisvirinidn rytmin-
siirron jéilkeen ja 65,4 %:lla potilaista ei ollut antikoagulaatiohoitoa ennen ryt-
minsiirtoa. 3) Aivoinfarkteista 6,0 % ilmaantui potilaille, joille oli tehty toimen-
pide edeltdvdn 30 vuorokauden aikana. Aikaisemmin kaytossid ollut antikoagu-
laatiohoito oli tauotettu 81,2 %:ssa aivoinfarktia edeltéineisti operaatioista. Poti-
lailla, jotka saivat kallonsisdisen vuodon leikkauksen jélkeen, 54,5 %:lla oli kay-
tetty varfariinihoidon tauotuksen aikana siltahoitona pienimolekylaarista heparii-
nia. 4) Kuolleisuus 30 pdivén sisélld aivoinfarktin jélkeen oli huomattavasti ma-
talampi kohtauksellista eteisvarindd kuin kroonista eteisvérinié sairastavilla poti-
lailla (10,2 % vs. 20,3 %).

Paitelmét: Merkittdva osa eteisvirindi sairastavien potilaiden aivoverenkierto-
hiiridistd ilmaantuu potilaille, joilla ei ole kdytdssd antikoagulaatiohoitoa, tai
joilla on tehty viimeisen 30 vuorokauden aikana rytminsiirto tai toimenpide.
Kohtauksellisen eteisvérindn ennustemerkitys saattaa olla suurempi kuin aikai-
semmin on ajateltu.

Avainsanat: Eteisvérini, aivoverenkiertohdirio, antikoagulaatiohoito
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Abbreviations

ABBREVIATIONS

AF
CHADS:»

CHA2DS>-VASc

CI
ECG
ESC
IQR
LMWH
OAC
OR
TEE
TIA
NOAC
RR

Atrial fibrillation

Congestive heart failure, Hypertension, Age > 75, Diabetes
mellitus, prior Stroke, transient ischemic attack or thrombo-
embolism (doubled)

Congestive heart failure, Hypertension, Age > 75 (doubled),
Diabetes mellitus, prior Stroke, transient ischemic attack or
thromboembolism (doubled), Vascular disease, Age 65 to 74,
Sex category female

Confidence interval

Electrocardiography

European Society of Cardiology
Inter-quartile range

Low-molecular weight heparin

Oral anticoagulation

Odds ratio

Transesophageal echocardiography
Transient ischemic attack

Non-vitamin K antagonist oral anticoagulant

Risk ratio
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Introduction 11

1 INTRODUCTION

Patients with atrial fibrillation (AF) have a significantly increased risk of ischem-
ic stroke compared to the general population. In numerous studies, treatment with
oral anticoagulation (OAC) has been shown to dramatically decrease this risk and
thus improve the prognosis of these patients. Prevention of stroke has been wide-
ly accepted as one of the key goals in the treatment of patients with AF.

The modern approach to stroke prevention is based on the systematic evaluation
of stroke risk. Current guidelines recommend OAC for all patients who do not
have a truly low risk of stroke according to risk stratification. For decades, the
cornerstone of OAC treatment has been warfarin. While warfarin is efficacious in
stroke prevention, it has certain well-known problems limiting its use, including
the need for blood test monitoring, narrow therapeutic range, slow onset and off-
set of action, numerous food and drug interactions and increased risk of bleeding.
While the approach to anticoagulation is very straightforward in the clinical
guidelines, the real-life scenarios are often far more complicated. Numerous pa-
tient characteristics, co-morbidities and even personal preferences affect the cli-
nicians’ and patients’ inclination to start and maintain anticoagulation treatment.

Most often, AF begins with short paroxysms, which over time become longer
and more resilient, until eventually the ability to maintain sinus rhythm is lost
and the patient develops chronic AF. It has long been debated whether the risk of
stroke is similar in patients with paroxysmal and chronic AF. Data are limited
regarding the differences and prognosis of ischemic strokes in these patients.

Restoring sinus rhythm with cardioversion is an effective treatment in patients
who have not yet developed chronic AF but have symptomatic persistent AF
paroxysms. While this treatment is efficacious, it is known to temporarily in-
crease the risk of thromboembolism. Recent studies have increased our
knowledge about estimating this risk, but surprisingly little is known about the
characteristics and quantity of cardioversion-related strokes in these patients.

Invasive procedures in patients using OAC carry an inherent dilemma: Continu-
ing OAC increases the risk of perioperative bleeding, while discontinuing OAC
exposes the patient to thromboembolism. Replacing warfarin temporarily with
short acting low-molecular weight heparins (LMWH) has not solved this prob-
lem despite the theoretical benefits.

In the FibStroke study, we identified all ischemic strokes, transient ischemic at-
tacks and intracranial bleeds that occurred in patients with AF during 2003-2012.
The data were collected from four major hospitals in Finland. With thorough col-
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lection of data on the patient characteristics, preceding circumstances, co-
morbidities, antithrombotic medications, cardioversions and invasive procedures,
we aimed to identify the high-risk situations preceding the cerebral events in
these patients.

By knowing the most important reasons leading to stroke in these patients, we
can focus our clinical efforts in the right direction and ultimately improve patient
care and outcomes.
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2 REVIEW OF LITERATURE

2.1 Epidemiology and impact of atrial fibrillation

Atrial fibrillation is a common cardiac arrhythmia affecting a large proportion of
the population. It has been estimated that the prevalence of AF is approximately
3% in adult populations (Bjorck et al., 2013; Haim et al., 2015). The prevalence
increases sharply with increasing age. In an Italian population, the prevalence
rates were 4.2% in the age group of 65-74 years, 9.4% in the age group of 75-84
years and 17% in the age group of 85 years or older (Bilato et al., 2009). The
lifetime risk for development of AF is approximately 25% in men and women of
40 years of age and older (Lloyd-Jones et al., 2004).

It is worth noticing that a significant proportion of AF in the population is undi-
agnosed or subclinical. Paroxysmal AF can be difficult to diagnose using the
standard 12-lead ECG-recordings if the paroxysms are rare or short-lasting. On
the other hand, AF can be asymptomatic or “silent”. The prevalence of subclini-
cal or silent AF has varied in previous studies depending on the method of
screening. In a Swedish study of 75-year old population, previously undiagnosed
subclinical AF was found in 4.7% of the population with stepwise screening pro-
cedure using standard 12-lead ECG and handheld-ECG event recordings, bring-
ing the total prevalence of AF to 14% (Engdahl et al., 2013). In patients over 65
years with a recently implanted pacemaker or defibrillator and with no previous
history of AF, the prevalence of silent atrial tachyarrhythmias was 10.1% in 3
months (Healey et al., 2012b).

Although considered to be a relatively benign condition, AF is associated with
serious complications and increased mortality. Increased risk of ischemic stroke
is well-known and is discussed in more detail in the following chapters. In addi-
tion to the increased risk of thromboembolism, patients with AF have increased
all-cause mortality, increased risk of heart failure and decreased quality of life, as
well as an increased demand for health care services, including frequent hospital-
izations (Kirchhof et al., 2016). In a meta-analysis of 104 studies involving
9,686,513 participants, the relative risk (95% confidence interval (CI)) for all-
cause mortality was 1.46 (1.39-1.54); for cardiovascular mortality, 2.03 (1.79-
2.30); for stroke, 2.42 (2.17-2.71); for sudden cardiac death, 1.88 (1.36-2.60); for
heart failure, 4.99 (3.04-8.22); and for chronic kidney disease, 1.64 (1.41-1.91)
(Odutayo et al., 2016). Additionally, AF has been associated with an increased
risk for dementia (de Bruijn, Renée F A G et al., 2015).
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2.2 Atrial fibrillation as a risk factor for stroke

The increased risk of stroke in patients with AF is well recognized. Many of the
data confirming the independent role of atrial fibrillation as a risk factor for
stroke have come from the Framingham study. In a much-cited study of 5209
men and women from Framingham who were followed up for 34 years, the risk
of stroke was found to be 4.8 times higher in patients with AF (Wolf et al.,
1991). The Renfrew/Paisley Study, with a cohort of 15,406 persons who were
followed up for 20 years, demonstrated a 3.2-fold risk of stroke for women and
2.5-fold risk of stroke for men associated with the presence of AF (Stewart et al.,
2002).

In placebo-controlled trials of stroke prevention in patients with AF, the yearly
stroke rate in the patients assigned to a placebo was 13% in patients with a previ-
ous stroke or TIA and 4.1% in patients without previous ischemic event (Hart et
al., 2007). The prevalence of atrial fibrillation is high among stroke patients but
is also highly age-dependent. In a study from a Canadian stroke network with
10,528 patients, the prevalence of AF was 26% in all patients with stroke, but the
prevalence rose from 1.9% in patients less than 40 years of age to 46% in pa-
tients over 90 years of age (McGrath et al., 2013). In a Swedish registry, AF was
diagnosed in 38% of patients with ischemic stroke, with the prevalence rising
from 0% in patients under 40 years of age to more than 50% in patients over 90
years of age (Bjorck et al., 2013). Strokes in patients with AF are also associated
with higher mortality and disability than strokes in patients without AF (McGrath
etal., 2013; Wolf et al., 1998).

2.2.1 Assessment of stroke risk, CHADS? and CHA;DS>-VASc score

The stroke risk among patients with AF is not uniform; rather, it is highly influ-
enced by other risk factors. To guide clinicians in their treatment decisions, vari-
ous methods for estimating the risk of stroke have been proposed (Fang et al.,
2008). The CHADS,-score was published in 2001(Gage et al., 2001) and was
subsequently adopted in the clinical guidelines (Fuster et al., 2006; European
Heart Rhythm Association et al., 2010). The score calculation is depicted in Tab-
le 1. The original study cohort consisted of 1733 patients with AF who suffered
94 ischemic strokes during a follow-up period of a minimum of 365 days. Using
the CHADS; score, the annual risk of stroke could be stratified from 1.9% to
18.2% (Table 2).

While it was easy to detect high-risk patients using the CHADS: score, the score
was not accurate enough in the low- and intermediate-risk patients to guide clini-
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cal decision making. Even patients with 0 or 1 points could have a significant
risk of stroke (Olesen et al., 2012). A more thorough scoring system, the
CHALDS>-VASc score, was published in 2010 (Lip et al., 2010b), with data de-
rived from the Euro Heart Survey for AF. Score calculation is depicted in Table
1, and the stroke risk with the CHA2DS>-VASc score is depicted in Table 2. The
new score was more clinically useful than the previous scores and quickly be-
came the recommended approach to stroke risk estimation also in the clinical
guidelines (Camm et al., 2012; January et al., 2014).

Measurement of biomarkers such as cardiac troponins and N-terminal fragment
B-type natriuretic peptide (NT-proBNP) could help to increase the accuracy of

stroke risk prediction in the future (Hijazi et al., 2016; Ruff et al., 2016).

Table 1 Calculation of CHADS; and CHA,;DS,-VASc score

Risk factor CHADS: CHA:DS>-VASc
points points
Congestive heart failure 1 1
Hypertension 1 1
Age 75 years or older 1 2
Diabetes 1 1
History of Stroke or TIA 2 2
Vascular disease 1
Age 65-74 years 1
Sex category, female 1
Maximum score 6 9

Modified from (Gage et al., 2001; Lip et al., 2010b).

Table 2 Adjusted stroke rate according to CHADS; and CHA;DS,-VASc

SCore
CHADS; Adjusted stroke rate CHA;DS>-VASc Adjusted stroke rate
(%/year) (%/year)
0 1.9 0 0
1 2.8 1 1.3
2 4.0 2 2.2
3 5.9 3 3.2
4 8.5 4 4.0
5 12.5 5 6.7
6 18.2 6 9.8
7 9.6
8 6.7
9 15.2

Modified from (Gage et al., 2001; Lip et al., 2010a).
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2.2.2  Assessment of bleeding risk

Prevention of thromboembolism with OAC is associated with an increased risk
of bleeding. Intracranial bleeding is the most catastrophic form, associated with
high mortality and disability (Fang et al., 2007). In the ATRIA cohort, the inci-
dence of intracranial hemorrhage was 0.46/100 person years in patients using
warfarin compared to 0.23/100 person years in patients without warfarin; still,
however, all-cause mortality was 31% lower in patients using warfarin, owing to
a 51% reduction in ischemic strokes (Go et al., 2003). In the large anticoagula-
tion trials, the risk of intracranial bleeding in the warfarin arm has been 0.7-0.8
events/100 person years (Connolly et al., 2009; Granger et al., 2011; Patel et al.,
2011). It has been estimated that, on average, warfarin increases the risk of intra-
cranial hemorrhage by 0.2% per year (Schulman et al., 2008).

Scoring systems have been developed to estimate the risk of bleeding. The most
widely clinically adopted of these is the HAS-BLED score published in 2010,
with data based on the Euro Heart Survey of 3,978 patients, who suffered 53 ma-
jor bleeds during the study (Pisters et al., 2010). Because of the practicality of the
score, it was adopted in the 2010 ESC guideline, stating that three points or high-
er indicates “high risk” of bleeding (European Heart Rhythm Association et al.,
2010). The HAS-BLED score is depicted in Table 3.

Table 3 The HAS-BLED score

Risk factor HAS-BLED
Points
Hypertension 1
Abnormal renal and liver function (1 point each) 1or2
Stroke 1
Bleeding 1
Labile INRs 1
Elderly (age > 65 years) 1
Drugs or alcohol (1 point each) lor2
Maximum score 9

Modified from (Pisters et al., 2010).

As seen from the scoring system, the risk factors for stroke and bleeding overlap
(hypertension, previous stroke, age), and patients with a high HAS-BLED score
usually have a high risk of thromboembolism as well. In previous studies, the
risk of ischemic stroke has been significantly higher than the risk of intracranial
bleeding in almost all patients with AF, including patients with a high HAS-
BLED score (Friberg et al., 2012). Also, in a study comparing 391 patients with
an intracranial bleed and 2806 patients with an ischemic stroke, there was no dif-
ference in the HAS-BLED scores (McGrath et al., 2012). These data imply that
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the HAS-BLED score is not accurate enough to identify those patients with AF
who would not benefit from OAC. Hence, the modern guidelines state that bleed-
ing risk scores should not be used to withhold OAC from a patient but, rather, to
identify potentially modifiable risk factors (Camm et al., 2012; Kirchhof et al.,
2016).

23 Reducing the risk of stroke

2.3.1 Oral anticoagulation

Prevention of cardiogenic thromboembolism with OAC has been found in nu-
merous studies to be the most effective intervention in reducing mortality and
morbidity in patients with AF. For decades, the only viable option for long-term
anticoagulation has been warfarin, which inhibits the action of vitamin K in the
clotting factor synthesis in the liver. International normalized ratio (INR) is the
laboratory test used to monitor the effect of warfarin on blood clotting. Since ex-
cessive anticoagulation leads to increased risk of bleeding, the optimal level of
anticoagulation is essential for good outcomes. The optimal range for efficacy
and safety seems to be an INR level between 2 and 3 in patients without mechan-
ical valve or mitral stenosis (Hylek et al., 2003). This is also the target INR level
recommended by clinical guidelines to patients with non-valvular AF (Culebras
et al., 2014; European Heart Rhythm Association et al., 2010; Kirchhof et al.,
2016).

The efficacy of warfarin in reducing ischemic strokes has been demonstrated in
numerous clinical trials. A comprehensive meta-analysis published in 2007 in-
cluded 29 clinical trials published so far comparing warfarin with placebo, warfa-
rin with antiplatelet agents, and antiplatelet agents with placebo (Hart et al.,
2007). The results were convincing: Compared to placebo, warfarin reduced is-
chemic stroke risk by 64% (95% CI 49%-74%) and all-cause mortality by 26%
(95% CI 3%-43%). Strokes that occur during effective warfarin therapy are less
often lethal and lead to less disability than strokes that occur in patients without
OAC, or in whom the INR is at a subtherapeutic level (Hylek et al., 2003;
O'Donnell et al., 2006).

Novel agents for replacing warfarin have long been sought. Direct thrombin in-
hibitor ximelagatran seemed to have similar efficiency for stroke prevention than
warfarin, but unfortunately was found to be hepatotoxic (Diener, 2006). Since
then, four new oral agents have been approved for stroke prevention in patients
with non-valvular AF: one direct thrombin inhibitor—dabigatran (Connolly et
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al., 2009)—and three clotting factor Xa inhibitors—rivaroxaban (Patel et al.,
2011), apixaban (Granger et al., 2011) and edoxaban (Giugliano et al., 2013).
Collectively, these new agents have been called “novel oral anticoagulants”, “di-
rect oral anticoagulants”, “target-specific oral anticoagulants” or “non-vitamin K
antagonist oral anticoagulants (NOAC)”. The acronym NOAC seems to be the
term most widely adopted and used in the European guidelines (Camm et al.,
2012; Kirchhof et al., 2016). In the meta-analysis of the clinical trials, NOAC
therapy, compared to warfarin, reduced the risk of stroke or systemic embolism
by 19% (risk ratio (RR) 0.81, 95% CI 0.73-.91) and all-cause mortality by 10%
(RR 0.90, 95% CI 0.85-0.95) (Ruff et al., 2014). The most significant benefit
compared to warfarin treatment seems to be the lower risk for intracranial bleed-
ing (RR 0.48, 95% CI 0.39-0.59), while the risk for gastrointestinal bleeding is
higher (RR 1.25, 95% CI 1.01-1.55) (Ruff et al., 2014). While no head-to-head
prospective trials have been conducted, retrospective studies have analyzed the
comparative properties of different NOACs (Larsen et al.,, 2016; Yao et al.,
2016).

2.3.2 Antiplatelet agents

Inhibiting platelet aggregation is another approach to preventing thrombus for-
mation. Acetyl-salicylic acid, more commonly known as aspirin, has been for
decades the most important drug in preventing atherothrombotic events in pa-
tients with coronary heart disease, myocardial infarction or previous cerebrovas-
cular event. In preventing cardiogenic thromboembolism in patients with AF, its
effect has been modest compared to warfarin. In the meta-analysis, it reduced the
risk of stroke by 22% (95% CI 6%-35%) compared to placebo (Hart et al., 2007).
However, warfarin compared to aspirin was significantly more efficacious in
stroke prevention, with a relative risk reduction of 39% (95% CI 22%-52%).
There are also studies suggesting that, in patients with atrial fibrillation, aspirin
has no protective effect against stroke (Sjalander et al., 2014). One argument
supporting the use of aspirin in stroke prevention involves the assumed lower
risk of bleeding compared to OAC. In a randomized controlled trial comparing
the efficacy and safety of warfarin versus aspirin in patients over 75 years of age
with AF, the risk of stroke was significantly higher in patients using aspirin
(yearly risk with warfarin 1.8% vs 3.8% with aspirin, p=0.003), while there were
no differences in the incidence of intracranial or extracranial bleeding (Mant et
al., 2007). Another study compared apixaban and aspirin in patients who were
considered unsuitable for warfarin. The yearly risk of stroke or systemic embo-
lism was significantly lower with apixaban than aspirin (1.6 % vs 3.7%,
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p<0.001), while there were no differences in the rate of bleeding events (Connol-
ly et al., 2011).

Clopidogrel is another antiplatelet agent commonly used in the secondary pre-
vention of atherothrombotic stroke or myocardial infarction, especially after per-
cutaneous coronary intervention in combination with aspirin. Combination treat-
ment with aspirin and clopidogrel compared to aspirin alone has also been stud-
ied in patients with AF. Combination was associated with a modestly decreased
risk of vascular events (6.8% vs 7.6% per year, p=0.01) but with an increased
risk of major bleeding (2.0% vs 1.3%, p<0.01) (ACTIVE Investigators et al.,
2009).

2.3.3 Left atrial appendage occlusion

Since most of the cardiogenic thrombi are thought to originate from the left atrial
appendage in patients with AF, it has been suggested that, by occluding this
structure, thrombus formation can be prevented and the risk of thromboembolism
could be reduced. The most studied means for doing so is the Watchman device,
which can be implanted percutaneously under fluoroscopy. In clinical studies, its
efficacy has been found to be comparable to that of warfarin therapy, although
the procedure is associated with the risk of periprocedural complications, most
commonly pericardial effusion, device embolization or procedure-related stroke
(Holmes et al., 2014; Holmes et al., 2015). Avoiding anticoagulation treatment
could benefit particularly patients with high bleeding risk conditions or previous
bleedings. A clinical trial is underway randomizing AF patients with a prior in-
tracerebral hemorrhage to left atrial appendage occlusion or medical therapy
(SrokeClose trial, clinicaltrials.gov NCT02830152).

The left atrial appendage can also be occluded during cardiac surgery. There is
no robust clinical data to prove the efficacy of this approach in stroke prevention
(Kirchhof et al., 2016), although a randomized trial is underway (Whitlock et al.,
2014). Another randomized trial is currently studying the efficacy and safety of
prophylactic surgical closure of the left atrial appendage in patients without pre-
viously known AF undergoing aortic valve replacement surgery (LAA-
CLOSURE trial, clinicaltrials.gov NCT02321137), based on the high incidence
of postoperative AF and ischemic stroke in these patients.
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2.3.4 Guideline approach to stroke prevention

Medical societies have been active in publishing clinical practice guidelines to
recommend evidence-based treatment for patients with AF (Fuster et al., 2006;
European Heart Rhythm Association et al., 2010; Camm et al., 2012). During the
last decade, the recommendations have shifted to using the more thorough
CHALDS>-VASc score instead of the older CHADS:-score. Since most patients
with AF benefit from OAC treatment, the focus has shifted towards identifying
the patients with a truly low risk of stroke, who do not benefit from OAC. Also,
the role of aspirin has been significantly reduced in the new compared to the old-
er guidelines. The approach to stroke prevention in the guidelines published (and
potentially affecting clinical decision making) during our study period is present-
ed in Table 4. Over the years, strong recommendations have been made for us-
ing OAC in patients with CHA2DS>-VASc or CHADS: scores of 2 points or
higher, while the recommendation for patients with 0 or 1 point has changed
somewhat in different guidelines and includes more shared decision making with
the patient. After the data collection phase of our study, at least two significant
clinical practice guidelines have been published, with minor updates in the stroke
risk assessment and recommendations about choosing between warfarin and
NOAC (January et al., 2014; Kirchhof et al., 2016).

Table 4 Approach to stroke prevention in guidelines published between
2006 and 2012

CHA:DS,- ACC/AHA/ESC 2006 ESC 2010 ESC 2012

VASc (CHADS-points)

0 Aspirin Aspirin or no antithrombotic therapy  No antithrom-

P (prefer no antithrombotic therapy) botic therapy

. OAC or aspirin OAC should

! Aspirin or OAC (prefer OAC) be considered

>2 OAC OAC OAC

References: (Fuster et al., 2006; European Heart Rhythm Association et al., 2010; Camm et al., 2012).

24 Underuse of anticoagulation

Despite robust evidence of the benefit of OAC and strong recommendations by
the clinical guidelines, underuse of anticoagulation has been common among
patients with AF. In an analysis of previously published AF populations from
2000 to 2007, the proportion of patients receiving OAC ranged from 9% to 86%,
with a median of 52% (Ogilvie et al., 2011). In European cardiology clinics,
49%-67% of patients with AF were prescribed warfarin in 2003-2004 (Nieuwlaat
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et al., 2005) and 80% in 2012-2013 (Lip et al., 2014). Even after prescription, the
discontinuation rates have been high. In the FRACTAL registry, 65% of patients
were prescribed warfarin initially, while at 30 months only 44% were still taking
it (Reynolds et al., 20006). In the ATRIA study, 26.3% of the patients discontin-
ued warfarin within one year of prescription (Fang et al., 2010); in the more re-
cent ORBIT-AF registry, 10.1% of the patients discontinued warfarin within one
year (O'Brien et al., 2014a).

Underuse of anticoagulation has been exceptionally common in stroke patients
with previously diagnosed AF. In previous studies, only 27%-32% of the AF pa-
tients had been using OAC prior to stroke (Gandolfo et al., 2008; Hylek et al.,
2003). In another study in which patients with a contraindication to OAC were
excluded, 39.9% of the patients were taking warfarin before hospitalization for
stroke (Gladstone et al., 2009).

Some studies have examined the most common reasons for withholding warfarin.
In a chart review of 364 atrial fibrillation patients, the most often documented
reasons were gastrointestinal bleed (10.7%), secondary/transient AF (8.2%) and
fall risk (6.3%) (Srivastava et al., 2008). In the ORBIT-AF outpatient registry of
10,130 patients, 13.1% had a documented contraindication for OAC (O'Brien et
al., 2014b). The most commonly documented contraindications were prior bleed
(27.7%), patient refusal (27.5%), high bleeding risk (18.0%), frequent falls/frailty
(17.6%) and need for dual antiplatelet therapy (10.4%). Of the patients with a
documented contraindication, 30% were taking OAC, compared to 83% of those
without a documented contraindication.

2.5 Stroke risk after cardioversion of atrial fibrillation

2.5.1 Background

Many of the patients with AF are symptomatic, and their symptoms can be re-
lieved by restoring and maintaining sinus rhythm, also called rhythm control.
However, AF-related symptoms can also be treated by controlling the heart rate
with medications without pursuing sinus rhythm; this is called rate control. Alt-
hough rhythm control seems to be theoretically advantageous in patients with
AF, this strategy has offered no clinical or mortality benefit in the clinical trials
comparing rate and rhythm control (Van Gelder et al., 2002; Wyse et al., 2002),
including in the case of patients with heart failure (Roy et al., 2008).
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Direct current cardioversion was the first truly effective and safe method for re-
storing sinus rhythm in patients with AF, with the first patient series published in
1963 (LOWN et al., 1963). It was soon discovered that cardioversion was associ-
ated with an increased risk of cardiogenic thromboembolism. In the early exper-
iments, cardioversion of long-lasting AF without anticoagulation led to stroke in
5% to 7% of patients (Arnold et al., 1992; Bjerkelund and Orning, 1969), while
in the patients receiving anticoagulation the risk was significantly lower at 0.8%
(Bjerkelund and Orning, 1969). The lower risk of thromboembolism with antico-
agulation was also evident in a cohort of 16,274 patients from Denmark cardio-
verted between 2000 and 2008, with a thromboembolic incidence rate of 10.33
per 100 patient years during the 30 days after the cardioversion in patients with-
out prior OAC, compared to 4.00 per 100 patient years in patients with prior
OAC (Hansen et al., 2015).

In modern practice, there are three approved approaches to conducting a safe
cardioversion (European Heart Rhythm Association et al., 2010; Kirchhof et al.,
2016). 1. AF has lasted less than 48 hours (cardioversion of acute AF); 2. A
transesophageal echocardiography (TEE) is made and intracardiac thrombus, es-
pecially in the left atrium and left atrial appendage, is ruled out; 3. Patient has
received therapeutic anticoagulation for at least 3 weeks (elective cardioversion).

2.5.2  Cardioversion of acute atrial fibrillation

In previous studies, the stroke risk in patients with cardioversion of acute AF
(less than 48 hours) has been between 0% and 0.9% in patients without anticoag-
ulation (Burton et al., 2004; Gallagher et al., 2002; Michael et al., 1999; Stiell et
al., 2010; Weigner et al., 1997; Xavier Scheuermeyer et al., 2010), although the
sample sizes have been quite small, between 104 and 414 cardioversions (con-
sidering studies including more than 50 cardioversions). The most comprehen-
sive data on the thromboembolic risk after acute cardioversion was obtained from
the FinCV study, which contained data on 7,660 cardioversions performed in
3,143 patients (Airaksinen et al., 2013a). In this study, the risk of thromboembo-
lism was 0.7% in the whole population, but the risk was highly dependent on
clinical risk factors for stroke. Depending on the clustering of risk factors, the
thromboembolic risk varied between 0.2% and 9.8%. The most significant inde-
pendent risk factor for thromboembolism was the presence of heart failure, with
an odds ratio (OR) of 2.85 (95% CI 1.12-7.24) for thromboembolism in the mul-
tivariate analysis.
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2.5.3 Cardioversion after transesophageal echocardiography

Intracardiac thrombi can be viewed with the use of echocardiography; to ensure
adequate visibility of the atria and the left atrial appendage, a transesophageal
approach must be used. In the clinical guidelines, it is suggested that if the AF
has lasted for more than 48 hours, cardioversion can still be performed if intra-
cardiac thrombus has been ruled out with the use of TEE and if effective antico-
agulation is started before the procedure (European Heart Rhythm Association et
al., 2010; Kirchhof et al., 2016). In the clinical studies, the stroke risk with the
TEE-guided approach has been 0.8% (Klein et al., 2001; Seidl et al., 2002). It is
worth noting that the pumping capacity of the left atrium is often not restored
immediately after the cardioversion due to atrial stunning, which might result in a
predisposition to thrombus formation after the cardioversion if adequate antico-
agulation is not used (Grimm et al., 1993).

2.5.4 Elective cardioversion

In clinical trials, the 30-day stroke risk after elective cardioversion with adequate
warfarin anticoagulation was 0.4%-0.5% (Apostolakis et al., 2013; Cappato et
al., 2014; Klein et al., 2001). In a prospective trial comparing rivaroxaban and
warfarin for elective cardioversion in 1504 patients, the risk of stroke was 0.2%
in patients using rivaroxaban and 0.4% in patients using warfarin (Cappato et al.,
2014). Retrospective analysis of the apixaban and dabigatran trials showed no
differences in complication rates compared to warfarin (Flaker et al., 2014; Na-
garakanti et al., 2011).

2.6 Perioperative anticoagulation in patients with atrial fibrillation

More than 10% of patients with AF undergo invasive procedure or operation
each year (Garcia et al., 2014; Healey et al., 2012a; Sherwood et al., 2014; Stein-
berg et al., 2015a). Treatment with OAC increases the risk of bleeding periopera-
tively, while discontinuing OAC predisposes the patient to thromboembolism.
Warfarin is especially problematic in temporary interruptions, because the slow
onset of action predisposes the patient to a long interruption in therapeutic anti-
coagulation. Additionally, the re-initiation of warfarin has been associated with a
transiently increased risk of thromboembolism (Granger et al., 2015).

Theoretically, the slow maneuverability of warfarin could be countered with the
temporary use of another anticoagulant with a fast onset and offset of action.
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Low-molecular weight heparins (LMWH) have these properties and have been
used in temporary interruptions of warfarin therapy for invasive procedures, also
called bridging therapy.

The decision of whether to discontinue warfarin for the procedure is dependent
on the associated bleeding risk. Many procedures carry such a low risk for major
bleeding that it is generally recommended to do the procedure without any inter-
ruption of OAC. Such procedures include most dental procedures (Bajkin et al.,
2009), diagnostic endoscopy including mucosal biopsy (Acosta et al., 2016),
most eye surgery (Bonhomme et al., 2013) and most cutaneous procedures.
There is also an increasing body of evidence that the non-interrupted approach is
equally safe or even superior compared to heparin bridging in many intervention-
al cardiologic procedures, including pacemaker implantation (Airaksinen et al.,
2013b; Birnie et al., 2013), coronary angiography and percutaneous coronary
intervention (Annala et al., 2008; Jamula et al., 2010; Kiviniemi et al., 2015). In
the randomized controlled trial of patients undergoing pacemaker implantation,
the rate of device-pocket hematoma was 16.0% in patients with bridging therapy
compared to 3.5% in patients with uninterrupted warfarin, with no difference in
thromboembolic complications (Birnie et al., 2013).

If interruption of OAC is required for the procedure, a decision about LMWH-
bridging must be made. In the clinical guidelines, bridging with LMWH is sug-
gested for patients with a high thromboembolic risk, such as patients with AF
and 5-6 CHADS: points, TIA or stroke within 3 months or rheumatic valvular
heart disease (Douketis et al., 2012). Patients with mitral valve prosthesis, recent
venous thromboembolism (within 3 months) and severe thrombophilia are also
considered to be high-risk patients. The risk of thromboembolism is considered
low, and no bridging is suggested in patients with AF and 0-2 CHADS; points. In
patients with a moderate risk, the decision should be made individually.

The bridging guidelines rely mostly on expert consensus, since there are no evi-
dence-based data on the benefits of bridging anticoagulation. In a meta-analysis,
heparin bridging was associated with a significantly increased risk of bleeding,
while there was no difference in the rate of thromboembolic complications
(Siegal et al., 2012). Similarly, in the prospective ORBIT-AF registry, bridging
was associated with a higher risk of bleeding without any benefit in reducing
thromboembolic complications (Steinberg et al., 2015a). Only one relevant ran-
domized controlled study exists comparing bridging with no bridging. In the
BRIDGE trial, 1884 patients were randomized to receive either LMWH or place-
bo during interruption of warfarin for an elective invasive procedure or operation
(Douketis et al., 2015). The incidence of arterial thromboembolism was 0.4% in
the no-bridging group and 0.3% in the bridging group (p=0.01 for non-



Review of the literature 25

inferiority), while the incidence of major bleeding was 1.3% in the no-bridging
group and 3.2% in the bridging group (p=0.005 for superiority). Important exclu-
sions were patients with a mechanical heart valve and patients who had experi-
enced a TIA or stroke within the past 12 weeks. The CHADS: score was 3 or
higher in 38.3% of the patients.

When all the evidence is combined, it seems that, in most situations with a low-
bleeding-risk procedure, uninterrupted warfarin is the easiest and safest ap-
proach. In cases with a high-bleeding-risk procedure, bridging therapy seems to
offer no benefit during the interruption of warfarin, although there are not much
data concerning patients with the highest risk for thromboembolism.

In patients with NOACs, the approach to perioperative anticoagulation is more
straightforward, since NOACs have a considerably faster offset and onset of ac-
tion than warfarin. Therefore, LMWH bridging is not recommended during inter-
ruption of NOAC therapy for a procedure (Heidbuchel et al., 2015).

2.7 Stroke risk in paroxysmal and chronic atrial fibrillation

In most patients, AF starts with short, self-terminating episodes (paroxysmal
AF). As time goes by, these episodes tend to become longer, requiring cardiover-
sion to restore sinus rhythm. The ability to restore and maintain sinus rhythm is
eventually lost in many of the patients, and AF becomes the prevalent rhythm
(chronic or permanent AF) (Jahangir et al., 2007).

It has long been debated whether the risk of thromboembolism is different in pa-
tients with paroxysmal and chronic AF, and results from clinical studies have
been somewhat conflicting (Al-Khatib et al., 2013; Disertori et al., 2013; Friberg
et al., 2010; Hart et al., 2000; Hohnloser et al., 2007; Lip et al., 2008; Steinberg
et al., 2015b; Takabayashi et al., 2015; Vanassche et al., 2015). The results of
clinical studies have been summarized in Table 5. The post hoc-analyses of early
trials and a large Swedish registry demonstrated a similar risk of thromboembo-
lism in patients with chronic and paroxysmal AF, while the more recent trials and
registries have shown a lower risk of thromboembolism in patients with parox-
ysmal AF. Probably the most clinically relevant data in the view of modern clini-
cal practice have been obtained from the large randomized NOAC-trials, in
which the risk of thromboembolism has been consistently lower in patients with
paroxysmal AF (Al-Khatib et al., 2013; Steinberg et al., 2015b; Vanassche et al.,
2015).
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There are many factors that could potentially explain the varying results. Most of
the data have been obtained from post-hoc analyses of clinical trials, which have
not been designed specifically to compare outcomes according to the type of AF.
Also, the definitions used for paroxysmal and intermittent AF have varied. For
example, in the SPAF I and II trials, AF was considered intermittent if any sinus
rhythm had been documented during the previous 12 months (Hart et al., 2000),
while in most other studies the definition of paroxysmal AF was based on the
definition used in the clinical guideline from year 2006 (AF episodes lasting less
than 7 days) (Fuster et al., 2006). Furthermore, the use of OAC has varied be-
tween studies. For example, in the GISSI AF trial, 25% of patients with parox-
ysmal AF were using warfarin compared to 87% in patients with persistent AF
(Disertori et al., 2013). Because of the increasing awareness of AF and AF-
related complications, it is possible that, in the modern trials, patients have been
recruited in the earlier phase of the disease process and could have a significantly
lower burden of AF episodes compared to earlier trials.

In the previous clinical guidelines, it has been clearly recommended that patients
with paroxysmal AF should receive OAC according to the same criteria as pa-
tients with chronic AF (European Heart Rhythm Association et al., 2010; January
et al., 2014). In the most recent guideline, the question of how much atrial fibril-
lation constitutes a mandate for therapy has been declared to be one of the gaps
in evidence, mostly stemming from the increasing use of portable ECG-recording
devices, which are able to record even the shortest episodes of AF (Kirchhof et
al., 2016).
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Table 5 Risk of thromboembolic complications in patients with paroxysmal
and chronic atrial fibrillation according to previous studies

Risk of thromboembolism

Study Paroxysmal  Chronic p Endpoint Setting
Hart 2000 (SPAF I-III) 32% 33 % NA  Ischemic stroke  Trial
Hohnloser 2007 (ACTIVE W) 2.0 % 22 % 0.50 Stroke or SE Trial

Friberg 2010 (Stockholm Cohort

ofF A el Tt 2.6 % 2.9 % 0.45 Ischemic stroke Cohort
Disertori 2013 (GISSI-AF) 0.78 % 1.3 % 0.42  Stroke or SE Trial
Lip 2008 (SPORTIF III and V) 0.9 % 1.7 % 0.04  Stroke or SE Trial
Al Khatib 2013 (ARISTOTLE) 1.0 % 1.5% 0.003  Stroke or SE Trial
;ﬁ‘;fﬁfgﬁﬁgés(fcnw"* 2.1% 42%  <0.01 StrokeorSE  Trial
Steinberg 2015 (ROCKET-AF) 1.7 % 22% 0.048  Stroke or SE Trial
Takabayashi 2015 (Fushimi AF - 4 o, 31% <001 StrokeorSE  Cohort

registry)

SE=Systemic embolism; NA=Not available. References: (Al-Khatib et al., 2013; Disertori et al., 2013;
Friberg et al., 2010; Hart et al., 2000; Hohnloser et al., 2007; Lip et al., 2008; Steinberg et al., 2015b;
Takabayashi et al., 2015; Vanassche et al., 2015).
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Aims of the study

3

AIMS OF THE STUDY

. To identify the proportion of patients with previously diagnosed AF who

were not using OAC prior to ischemic stroke or TIA, and to evaluate the
most important reasons for not receiving anticoagulation (I).

. To evaluate the relative proportion of post-cardioversion strokes in pa-

tients with AF, and to study the typical characteristics of cardioversions
leading to stroke (II).

. To study postoperative strokes in patients with AF, and especially the fea-

tures of perioperative antithrombotic treatment in these patients (II1).

. To compare the characteristics and prognosis of strokes in patients with

paroxysmal and chronic AF (IV).
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4 MATERIALS AND METHODS

4.1 Study population

The data for the FibStroke study were collected from four major hospitals in Fin-
land: Turku University Hospital, Kuopio University Hospital, Satakunta Central
Hospital and Keski-Suomi Central Hospital.

The FibStroke registry included all patients who:

1) Suffered an ischemic stroke, TIA or intracranial bleeding during 2003-
2012 (in Keski-Suomi Central Hospital 2006-2012) and

2) Had ever been diagnosed with AF or atrial flutter (before, at the same time
as or after the ischemic stroke, TIA or intracranial bleeding).

The initial screening was conducted from the hospital discharge records. The di-
agnosis codes used for the database search were:

1) 160.0-160.9, 161.0 - 161.9, 162.0 - 162.9, 163.0 - 163.9, 164.0 - 164.9, 165.0-165.9,
166.0-166.9, 169.0 - 169.9, G45.0 - G45.9, G46.0 - G46.9, S06.0- S06.9, identify-
ing ischemic strokes, TIA-episodes and traumatic and non-traumatic intracranial
bleedings; and

2) 148, identifying AF and atrial flutter.

After the initial screening, all patient files were individually reviewed, and the
diagnosis of AF and the neurological event were confirmed case by case. Patient
characteristics, risk factors for stroke and bleeding, medications, laboratory re-
sults, operations and invasive procedures, bleeding events and cardioversions
during the 30 days preceding the stroke, TIA or intracranial bleeding were rec-
orded. Additionally, 30-day mortality data were obtained. Data were collected in
a structured electronic case report form in an online database.

The whole FibStroke registry contained data on 5767 patients who suffered a
total of 1338 TIA episodes, 4547 ischemic strokes and 830 intracranial bleeds
during the study period. All of the research in this thesis was focused on the pa-
tients who were diagnosed with AF before the onset of TIA, ischemic stroke or
intracranial bleed. A total of 4311 patients suffered 3252 ischemic strokes, 956
TIA episodes and 794 intracranial bleeds after the diagnosis of AF. The study
population and timing of diagnosis of AF are outlined in Figure 1.
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The FibStroke Registry
5676 Patients
6715 Events

AF diagnosed after event

A

993 Events

AF diagnosed at the same time

A

with event

720 Events

A 4

AF diagnosed before event
4311 Patients
5002 Events

v v v

956 TIA 3252 Ischemic 794 Intracranial

strokes bleeds

Figure 1 The FibStroke Study population

4.2 Ethical issues

The study protocol was approved by the Medical Ethics Committee of the Hospi-
tal District of Southwest Finland and the ethics committee of the National Insti-
tute for Health and Welfare. Informed consent was not required because of the
registry nature of the study. The study conforms to the Declaration of Helsinki.

4.3 Definitions

The diagnosis of AF was confirmed by 12-lead electrocardiogram, according to
the standard criteria. The diagnoses of stroke, TIA or intracranial bleed were con-
firmed from the patient records, as diagnosed by the treating neurologist. Only
events considered definite by the treating physician were included in our study.
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All patients were imaged by computed tomography or magnetic resonance imag-
ing. Bridging therapy was defined as any dose of LMWH administered during
the interruption of OAC. Low-bleeding risk procedures were identified according
to previously published expert opinion review papers (Daniels, 2015; Spyropou-
los and Douketis, 2012).

4.4 Statistical analysis

Continuous variables were reported as mean + standard deviation if they were
normally distributed and as median [inter-quartile range (IQR)] if they were
skewed, unless stated otherwise. Categorical variables were described with abso-
lute and relative (percentage) frequencies. Comparisons between study subgroups
were performed with Student’s 7 test or the Mann-Whitney test as appropriate for
continuous variables and the Chi-square test or Fisher’s exact test as appropriate
for categorical variables. All tests were two-sided, and statistical significance
was set at 5%.

In Study I, clinically relevant variables with additional evaluation of the years of
the event were used in univariate and multivariate logistic regression analysis
with repeated measures option.

In Study 1V, binary stepwise logistic regression analysis (backward Wald) was
performed to identify independent predictors of mortality after TIA/stroke. Addi-
tionally, a propensity score-matching method was used to create two groups of
patients with chronic and paroxysmal AF with similar baseline characteristics.
The propensity score was estimated using a non-parsimonious logistic regression
model with the treatment method as the dependent variable. Pairs of patients with
chronic and paroxysmal AF having the same probability score (nearest neighbor
method, caliper = 0.2 x standard deviation of the logit) have been matched. To
evaluate the balance between the matched groups, univariate analyses were per-
formed and the analysis of the standardized differences after matching was per-
formed. A standardized difference less than 0.1 was considered as a negligible
difference in the prevalence or mean of covariates between the study groups.

Statistical analysis was performed using IBM SPSS Statistics software version
22.0 and SAS version 9.3.
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5 RESULTS

51 Underuse of anticoagulation in stroke patients with previously
diagnosed atrial fibrillation (I)

In Study I, we analyzed patients who had been previously diagnosed with AF and
who suffered an ischemic stroke or TIA during the study period. Of these pa-
tients, 50.9% were using OAC before the onset of the ischemic event. Of the
high-risk patients who had CHADS; score > 2, only 55.1% were using OAC be-
fore the diagnosis of stroke or TIA. Use of OAC was significantly lower in pa-
tients who had paroxysmal AF vs. chronic AF (40% vs. 65%), previous bleeding
vs. no previous bleeding (26% vs. 58%), HAS-BLED > 3 vs. HAS-BLED <3
(43% vs. 75%), sinus rhythm vs. AF at the time of event (38% vs. 61%) and al-
cohol abuse vs. no alcohol abuse (30% vs. 56%, p<0.01 for all comparisons).

In a subgroup of 987 patients, the most important reason for not receiving OAC
was determined from the past and current medical records as reported by the
treating physician. The most common reasons for withholding anticoagulation
were infrequent paroxysms of AF (13.8%), previous bleeding episodes (13.4%),
patient’s decision to decline/discontinue treatment (9.3%) and alcohol abuse
(5.2%). In 34.9% of cases, the reason was not documented in the patient charts.

There was a significant increase in the proportion of patients using OAC at the
time of the ischemic event during the study period. The use of OAC increased
from 49% in 2003 to 65% in 2012 in patients with CHADS: score > 2 and from
46% to 63% in patients with CHA2DS>-VASc score > 2.

5.2 Strokes after cardioversion of atrial fibrillation (II)

5.2.1 Proportion of post-cardioversion ischemic events

In total, there were 78 ischemic strokes and 22 TIA-episodes in 99 patients,
which were preceded by a cardioversion within the preceding 30 days during the
study period. Altogether, 2.4% of all ischemic events and 2.4% of ischemic
strokes were preceded by a cardioversion. Cardioversions were only performed
in patients with paroxysmal or persistent AF, and in these patients 6.1% of all
ischemic events and 6.4% of ischemic strokes were preceded by a cardioversion.
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5.2.2  Characteristics of cardioversions leading to ischemic event

The characteristics of the cardioversions are depicted in. Of the 100 cardiover-
sions leading to ischemic event, 77 were acute and 23 were elective, and 63 of
the events occurred to patients who were not using OAC at the time of cardiover-
sion. Ten patients were started on warfarin after cardioversion and before the on-
set of the ischemic event. LMWH was used during 5 cardioversions.

Table 6 Characteristics of 100 cardioversions leading to ischemic stroke or TTA

Acute CV Elective CV
(n=77) (n=23)
Stroke 61 (79.2%) 17 (73.9%)
TIA 16 (20.8%) 6 (26.1%)
Method of CV
Electrical 67 (88.3%) 23 (100%)
Pharmacological 9 (11.7%) 0
Successful CV 68 (88.3%) 21 (91.3%)
Spontaneous CV after unsuccessful CV 9/9 1/2
TEE-guided CV 3 (3.9%) 0
Warfarin prior to CV 14 (18.2%) 23 (100%)
INR at the time of CV, range 1.2-4.0 2.0-5.4
INR <2 5/14 (35.7%) 0
Periprocedural LMWH 5 (6.8%) 0
Antiplatelet treatment (aspirin or clopidogrel) 45 (60.8%) 3 (15.0%)
Warfarin at the time of stroke or TIA 24 (31.2%) 22 (95.7%)
INR at the time of stroke or TIA, range 0.9-3.6 1.3-54
INR <2 13/24 (54.2%) 5/22 (22.7%)
CHA;DS,-VASc, median [IQR] 3.0 [2.0-4.0] 3.0 [1.0-4.0]
0 8 (10.4%) 2 (8.7%)
1 7 (9.1%) 4 (17.4%)
>2 62 (80.5%) 17 (73.9%)
Days from CV to stroke/TIA, median [IQR] 2 [1.0-3.0] 2 [2.0-5.0]
0-2 days 56 (72.7%) 12 (52.2%)
3-6 days 6 (7.8%) 8 (34.8%)
> 6 days 15 (19.5%) 3 (13.0%)

CV=Cardioversion; IQR=interquartile range

Of the 78 cardioversions leading to stroke, 61 (78.2%) were acute, 17 (21.8%)
were elective, and 51 (65.4%) occurred in patients who were not using OAC.
Before acute cardioversion, 10 patients (16.4%) were on warfarin, and four of
these patients had subtherapeutic INR. Hence, only six (9.8%) of the 61 patients
who developed a stroke after acute cardioversion had therapeutic anticoagulation
at the time of cardioversion.

Most of the cardioversions leading to cerebral thromboembolism were successful
in terms of restoring sinus rhythm. All nine patients who developed a stroke after
unsuccessful cardioversion had cardioverted spontaneously to sinus rhythm be-
fore the onset of the stroke.
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5.2.3  Risk factors for stroke

The CHA2DS>-VASc score was > 2 in 79 (79%) of the patients who developed
any ischemic event and in 65 out of 78 (83%) of the patients who developed a
stroke after cardioversion. There were five patients without any risk factors for
stroke as measured with the CHA2DS>-VASc score. All of these patients devel-
oped a stroke after cardioversion of acute AF, and none received anticoagulation
before or after cardioversion.

5.2.4  Timing of cerebral thromboembolism after cardioversion

The delay from cardioversion to TIA or stroke is depicted in Figure 2. Most of
the events occurred shortly after the cardioversion: 68% occurred during the first
two days, 83% during the first 7 days and 93% during the first 14 days. The me-
dian delay from cardioversion to stroke or TIA was 2 days.
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Figure 2 Timing of thromboembolic complications after cardioversion of AF.
Modified from original publication II.
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53 Postoperative strokes and intracranial bleeds in patients with
atrial fibrillation (IIT)

5.3.1 Proportion and timing of postoperative ischemic strokes and intracra-
nial bleeds

In total, 194 ischemic strokes developed within 30 days after an invasive proce-
dure or operation, accounting for 6.0% of the 3252 ischemic strokes that oc-
curred during the study period. The median time from the procedure to stroke
was four days (IQR 1-12 days). The number of postoperative intracranial bleeds
was 23, accounting for 2.9% of the 794 intracranial bleeds that occurred during
the study period. The median delay from the procedure to intracranial bleed was
4 days (IQR 2-21 days).

5.3.2 Patient characteristics

Characteristics of the patients who suffered a postoperative ischemic stroke or
intracranial bleed are depicted in Table 7. Most patients who suffered a postoper-
ative ischemic or bleeding complication were high-risk patients characterized by
CHA:DS>-VASc scores > 2 in (94% and 96%, respectively), and their median
ages were 78 and 76 years, respectively. The estimated bleeding risk (HAS-
BLED score) was higher in patients with a postoperative intracranial bleed, and
69.6% of these patients had a HAS-BLED score > 3. Also, diabetes, coronary
artery disease and previous myocardial infarction were more common in patients
with a postoperative intracranial bleed.



36 Results

Table 7 Characteristics of patients with a postoperative stroke or intracrani-
al bleed
Ischemic stroke Intracranial bleed
(n=191) (n=23) p
Female 108 (56.5%) 6 (26.1%) 0.006
Age, mean (SD) 78.0 (9.1) 75.9 (8.8) 0.29
CHA,DS,-VASc, median [IQR] 4.0 [3.0-5.0] 5.0 [3.0-6.0] 0.55
CHA,;DS,-VASc >2 183 (94.3%) 22 (95.7%) 0.79
CHADS>, median [IQR] 2.0 [1.0-3.0] 3.0 [1.0-4.0] 0.58
CHADS,>2 139 (71.6%) 16 (69.6%) 0.83
HAS-BLED, median [IQR] 2.0 [2.0-3.0] 3.0 [2.0-4.0] 0.009
HAS-BLED >3 82 (42.9%) 16 (69.6%) 0.015
Diabetes 40 (20.9%) 9 (39.1%) 0.05
Coronary artery disease 72 (37.7%) 15 (65.2%) 0.011
Previous myocardial infarction 30 (15.7%) 10 (43.5%) 0.003
Previous stroke or TIA 47 (24.7%) 5(21.7%) 0.75
History of heart failure 56 (29.3%) 7 (30.4%) 0.91
Mechanical heart valve 6 (3.1%) 1 (4.3%) 0.554

IQR=interquartile range; SD=standard deviation

5.3.3  Characteristics of the operations leading to postoperative ischemic
stroke or intracranial bleeding

The operations and invasive procedures preceding ischemic strokes and intracra-
nial bleeds are depicted in Table 8 and Table 9. A majority of the patients (69%)
were on OAC before the procedure; it was interrupted for 69% of the procedures
preceding intracranial bleed and 81% of the procedures preceding ischemic
stroke. Of the patients with a postoperative intracranial bleed, 54.5% were using
perioperative LMWH bridging, compared to 27.8% of patients with postopera-
tive ischemic stroke (p=0.066). The use of antiplatelet agents, as well as the
combination of anticoagulation (OAC or LMWH) with antiplatelet agents, was
significantly more common in patients with a postoperative intracranial bleed
than in patients with a postoperative ischemic stroke. The operations leading to
postoperative intracranial bleed were more often urgent than the operations lead-
ing to ischemic stroke. Postoperative intracranial bleeds were also significantly
more often fatal than postoperative ischemic strokes.

Of the procedures leading to ischemic stroke, 82 (42.3%) were classified as low-
bleeding-risk procedures. Before these procedures, 59 (72.0%) of the patients
were using OAC, which was interrupted in 50 (84.7%) patients. Many of the en-
doscopies were performed because of anemia or bleeding. If endoscopies were
excluded, 61/168 (36.3%) of the operations were classified as low bleeding risk.



Results 37

Table 8 Characteristics of the operations preceding ischemic stroke or intra-
cranial bleed

Ischemic stroke Intracranial bleed
(n=194) (n=23) P

Urgent/emergency procedure 74 (38.1%) 16 (69.6%) 0.004
OAC prior to procedure 133 (68.6%) 16 (69.6%) 0.92

Warfarin 130/133 (97.8%) 16 (100%)

Dabigatran 3/133 (2.2%) 0
OAC interrupted 108/133 (81.2%) 11/16 (68.8%) 0.24
LMWH bridging 30/108 (27.8%) 6/11 (54.5%) 0.066
wyy ozl LRI Al (e 64/194 (33.0%) 1123 47.8%)  0.157
less of previous anticoagulation)
Antlplatelet drug (aspirin or 55 (28.4%) 12 (52.2%) 0.019
clopidogrel)
Antiplatelet with anticoagulation at o o
the time of stroke or bleed ) D7) 0.01
Death within 30 days after event 33 (17.0%) 9 (39.1%) 0.011
Table 9 Operations preceding ischemic stroke or intracranial bleed

Ischemic stroke  Intracranial bleed

(n=194) (n=23)
Endoscopy 26 3
Coronary angiography +/- PCI 23 5
Gastrointestinal surgery 22
Orthopedic/trauma surgery 20 1
Vascular surgery 16 1
Plastic/general surgery 15 2
Peripheral angiography +/- PTA 14 5
Urologic surgery 12 2
Pacemaker implantation 11 3
CABG/heart valve surgery 9
Ophthalmologic surgery 8
Head and neck surgery 4
Thoracocentesis 4 1
Gynecologic surgery 3
Neurosurgery 3
Dental procedure 2
AF ablation 1
Paracentesis 1

CABG=coronary artery bypass grafting; PCl=percutaneous coronary intervention; PTA=percutaneous

transluminal angioplasty
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5.4 Mortality after stroke in patients with paroxysmal and chronic
atrial fibrillation (IV)

5.4.1 Study population and type of atrial fibrillation

The FibStroke registry included 3677 patients who suffered a total of 3252 is-
chemic strokes and 956 TIA episodes after the diagnosis of AF. During the study
period, 433 (11.8%) of the patients suffered more than one event. The first event
for each patient was chosen for this analysis.

The type of AF was chronic in 1808 of the patients (49.2%), paroxysmal or per-
sistent in 1448 (39.4%) and undefined in 349 (11.4 %) at the time of the first
event. For the final analysis, we included 3256 patients with a defined type of
AF, who suffered 707 TIA episodes and 2549 ischemic strokes.

5.4.2 Patient characteristics

The characteristics of patients with paroxysmal and chronic AF are depicted in
Table 10. Patients with chronic AF had higher CHA»,DS>-VASc and CHADS:»
scores; were older; and more often had diabetes, coronary artery disease and his-
tory of heart failure. The thromboembolic event was more often TIA in patients
with paroxysmal AF. Importantly, 63% of the patients with paroxysmal AF were
on sinus thythm at the onset of event.

Patients with paroxysmal AF were using OAC significantly less often than pa-
tients with chronic AF (32% vs 64%), while antiplatelet agents were significantly
more common in patients with paroxysmal AF (48% vs 29%).

5.4.3 Mortality

Patients with paroxysmal AF had significantly lower 30-day mortality after the
ischemic event compared to patients with chronic AF. Mortality was lower after
stroke (10.2% vs 20.3%, p<0.01), after TIA (0.3% vs 2.1%, p=0.02) and after all
events combined (7.6% vs 16.9%, p<0.01). Higher CHA>DS,-VASc scores were
associated with increased mortality. However, in all subgroups, patients with
chronic AF had higher mortality (Figure 3). Patients who were in sinus rhythm
had a significantly lower 30-day mortality after ischemic event than patients who
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were in any other rhythm (5.2% vs 15.7, p<0.01). After stroke, the mortality was
10.2% vs 20.3% (p<0.01).

[
W Chronic AF 17.2%
O Paroxysmal AF
12.5%
8.7% 8.3%
4.5%
0.0%
0 1 22

CHA,DS,-VASc score

Figure 3 Mortality after stroke or TIA in patients with paroxysmal and
chronic atrial fibrillation. Modified from the original publication
IVv.

In multivariate binary logistic regression, the independent predictors of mortality
were increasing age (per year OR 1.06, 95% CI 1.04-1.07), the use of OAC (OR
0.7, 95% CI 0.6-0.9), chronic AF (OR 2.0, 95% CI 1.5-2.6), history of heart
failure (OR 1.8, 95% CI 1.4-2.3), and estimated glomerular filtration rate of less
than 30 ml/min/1.73 m2 (OR 2.1, 95% CI 1.3-3.3).

If only patients with paroxysmal AF were included, the independent predictors of
30-day mortality were increasing age (per year OR 1.08, 95% CI 1.05-1.1), pre-
vious stroke or TIA (OR 1.5, 95% CI 0.95-2.5), history of heart failure (OR 1.98,
95% CI 1.2-3.3), and any rhythm other than sinus rhythm at the onset of stroke
(OR 1.9, 95% CI 1.2-2.9).
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5.4.4 Propensity score analysis

Because of the significant imbalance of risk factors between study groups, pro-
pensity score matching was used to provide comparable patient groups to analyze
the independent role of AF type as a predictor of mortality.

Propensity score matching provided 927 pairs of patients with well-balanced pa-
tient characteristics and risk factors. The characteristics of the propensity-score-
matched pairs are depicted in Table 10. Age, CHA>;DS,-VASc and CHADS;
scores and OAC were well balanced between the propensity matched groups,
while minor differences remained in the presence of renal failure and HAS-
BLED, as indicated by standardized difference > 0.1. Time from AF diagnosis
was also significantly longer in patients with chronic AF.

In propensity-score-matched pairs, the 30-day mortality remained significantly
higher in patients with chronic AF (14.8% vs. 8.6%, p<0.01). Mortality after
stroke was 17.8% vs. 11.6% (p<0.01), while the mortality difference after TIA
did not reach statistical significance (1.7% vs. 0.4%, p=0.317).
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6 DISCUSSION

6.1 Underuse of anticoagulation in stroke patients with previously
diagnosed atrial fibrillation (I)

In Study I, we demonstrated that, in patients with previously diagnosed AF, al-
most half of the ischemic strokes and TIA episodes occurred in patients who
were not using OAC. The most frequently documented reasons for not using
OAC were infrequent paroxysms of AF, previous bleeding episodes and the pa-
tients’ own decision.

It is clinically tempting to conclude that if a patient with paroxysmal AF is in
sinus rhythm, the risk of stroke is low and no OAC is needed. A significant prob-
lem with this reasoning, however, is that patients with symptomatic paroxysmal
AF have also a significant proportion of asymptomatic recurrences of AF, and
the asymptomatic paroxysms can even be more common than symptomatic ones
(Israel et al., 2004; Page et al., 1994). This means that the symptomatic parox-
ysms leading to hospital visits are usually only the tip of the iceberg compared to
the total frequency of the patient’s AF paroxysms. Additionally, patients with
paroxysmal AF frequently undergo cardioversions, which are known to signifi-
cantly increase the thromboembolic risk temporarily. For these reasons, using the
frequency of AF paroxysms as an indicator of thromboembolic risk is highly
problematic.

During our study period, warfarin was by far the most commonly used OAC. The
effectiveness of warfarin in stroke prevention in patients with AF has been
proved in numerous studies. While the clinical benefit is significant in the vast
majority of patients, warfarin is notorious among both patients and physicians for
the associated increase in the risk of bleeding. The sensational media has focused
on warfarin-associated bleeding deaths, particularly highlighting warfarin’s his-
tory as a pesticide. While doctors always need to be careful when prescribing
drugs with potential side effects, it is tempting to speculate that over-
conservative prescribing habits in fear of bleeding complications have left many
patients untreated, exposing them to a high risk of ischemic stroke. Obviously,
the mental image of the infamous drug also significantly contributes to patients’
reluctance to use it.

Bleeding episodes are highly problematic in patients using OAC, and the re-
initiation of OAC might seem counter-intuitive in most cases. However, accord-
ing to previous studies, long-term survival rates have been significantly better in
patients who have resumed OAC after a gastrointestinal bleed (Staerk et al.,
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2015) and even after intracerebral hemorrhage (Kuramatsu et al., 2015). Patients
at high risk for thromboembolism and serious previous bleeding events often re-
quire multidisciplinary evaluation and shared decision making with the well-
informed patient. Also, left atrial appendage occlusion is a potential option for
selected patients with a contraindication to OAC (Reddy et al., 2013), although
the safety and efficacy of this approach in this particular patient group is yet to be
proven in a randomized clinical trial.

While many bleeding risk scores have been developed, none of them has been
accurate enough to identify patients who do not benefit from OAC. The risk fac-
tors for thromboembolism and bleeding overlap significantly, which means that
patients with high bleeding risk usually have a high risk for thromboembolism as
well. In previous studies, even patients with high HAS-BLED scores have had
significantly higher risk of ischemic stroke than intracranial bleeding, with the
net clinical benefit clearly in favor of OAC in these patients (Friberg et al.,
2012). The modern clinical guidelines suggest that bleeding risk scores should be
used to identify potentially treatable risk factors for bleeding (e.g., hypertension,
medications and excessive alcohol use) rather than using them as a reason to
withhold OAC.

The proportion of patients using OAC increased significantly during the study
period. The first national guideline on AF treatment in Finland was published in
2005 (Kéypéa Hoito). During the study period, three ESC guidelines were also
published, in 2006, 2010 and 2012 (Fuster et al., 2006; European Heart Rhythm
Association et al., 2010; Camm et al., 2012). It seems that these guidelines have
increased awareness of stroke prevention in physicians treating patients with AF.
Additionally, the pharmaceutical industry manufacturing NOACs has been active
in promoting stroke prevention in patients with AF in recent years.

While warfarin is certainly efficient in stroke prevention, it has certain cumber-
some features limiting its use in practice. Because of the narrow therapeutic
range and multiple food and drug interactions, frequent blood test monitoring is
required to ensure safe INR levels. For many patients, use of NOACs is more
practical in everyday life and they seem to provide clinical benefit by decreasing
hemorrhagic strokes and in some circumstances major bleeding (Ruff et al.,
2014), which might further increase the use of OAC in AF patients in the future.

6.2 Strokes after cardioversion of atrial fibrillation (II)

In Study II, we demonstrated that more than 6% of the strokes in patients with
paroxysmal AF were preceded by a cardioversion. Also, the majority of the
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strokes (78%) occurred after cardioversion of acute AF, and 65% of the strokes
occurred in patients who were not using OAC prior to cardioversion.

Surprisingly little data exist regarding the stroke risk after cardioversion of acute
AF without anticoagulation, since most clinical trials have been conducted in
patients undergoing elective or TEE-guided cardioversion (Apostolakis et al.,
2013; Cappato et al., 2014; Klein et al., 2001; Seidl et al., 2002). The 48-hour
time limit of cardioversion of acute AF has been based on expert opinion and
small retrospective studies. The landmark FinCV trial was published in 2013 and
demonstrated that while the risk of stroke was relatively low in the healthier pop-
ulation, the risk was more than 3% in patients with heart failure and nearly 10%
in patients with heart failure and diabetes (Airaksinen et al., 2013a). Also, the 48-
hour time limit was called into question, since the risk of stroke began to increase
12 hours after symptom onset (Nuotio et al., 2014). This finding is in line with
previous findings, which have demonstrated a thrombus in the left atrial append-
age in 4% of patients with AF lasting less than 48 hours (Kleemann et al., 2009).
The additional problem with the 48-hour time limit is that it is calculated from
the patient-reported onset of AF symptoms, and previous rhythm monitoring
studies have demonstrated that a significant proportion of AF paroxysms are
asymptomatic (Israel et al., 2004; Page et al., 1994).

Despite the lack of robust evidence, the ESC guideline from the year 2010 sug-
gested heparin or LMWH in all patients undergoing cardioversion of acute AF,
followed by long-term OAC in patients with risk factors for stroke (European
Heart Rhythm Association et al., 2010). The American guideline from 2014 rec-
ommended heparin, LMWH or NOAC as soon as possible, either before or im-
mediately after the cardioversion in patients with high risk of stroke, whereas in
patients with low thromboembolic risk, no antithrombotic therapy could also be
considered (January et al., 2014). According to the most recent ESC guideline
from 2016, anticoagulation with heparin or NOAC should be initiated as soon as
possible before every cardioversion of AF or atrial flutter, and anticoagulation is
recommended for 4 weeks after cardioversion even in patients without stroke risk
factors (Kirchhof et al., 2016). While no randomized trial evidence exists regard-
ing the benefit of anticoagulation in the setting of cardioversion of acute AF, ob-
servational data and clinical guidelines strongly support it.

While only a minority of the strokes occurred after elective cardioversion, it is
good to acknowledge that even elective cardioversion probably carries a transi-
ently elevated stroke risk compared to a “steady state”. In contemporary antico-
agulation trials, the monthly risk of stroke has been found to be approximately
0.1%-0.2% (Connolly et al., 2009; Granger et al., 2011; Patel et al., 2011), com-
pared to the 30-day stroke risk of 0.4%-0.5% after elective cardioversion (Apos-
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tolakis et al., 2013; Cappato et al., 2014; Klein et al., 2001). This highlights the
importance of evaluating the need for cardioversion in asymptomatic patients,
since in the clinical trials rhythm control has offered no additional benefit in pa-
tients with AF (Van Gelder et al., 2002; Wyse et al., 2002).

6.3 Postoperative strokes in patients with atrial fibrillation (IIT)

Study III showed that 6.0% of the strokes and 2.9% of the intracranial bleeds in
patients with AF occurred after an invasive procedure or operation. The approach
to perioperative anticoagulation varied significantly. The most common approach
was to interrupt OAC before the procedure. Bridging with LMWH was common,
especially in patients suffering postoperative intracranial bleeding.

Warfarin was the only relevant OAC for many years, and it has certain well-
known problems in perioperative treatment. Because its mechanism of action
relies on inhibition of the coagulation factor synthesis in the liver, the anticoagu-
lation effect of warfarin starts slowly, and it takes many days after cessation of
treatment for normal hemostasis to be achieved. Over the years, many complicat-
ed protocols have been developed for the use of anticoagulation perioperatively.
Bridging with LMWH has been widely adopted, without evidence proving its
benefits in patient care. From the current point of view, it seems clear that the
combination of high-dose LMWH and fresh surgical trauma predisposes the pa-
tient to a significant risk of bleeding. It is also possible for such bleeding events
to override the possible benefits of the anticoagulation effect, since active bleed-
ing activates the hemostatic cascade, predisposing the patient to thrombosis.

There are three possible approaches to perioperative anticoagulation in patients
using warfarin: 1) uninterrupted warfarin, 2) interrupted warfarin with the use of
perioperative bridging, and 3) interrupted warfarin without bridging. According
to the current evidence, it seems that bridging is associated with inferior out-
comes compared to both interrupted and uninterrupted warfarin (Birnie et al.,
2013; Douketis et al., 2015; Siegal et al., 2012). As mentioned above, there is
little data about patients with mechanical heart valves, because they were exclud-
ed from the randomized trial (Douketis et al., 2015). Hopefully more information
on this subject will be available when the results from the PERIOP-2 trial are
published (ClinicalTrials.gov, Identifier NCT00432796). In the PERIOP-2 trial,
patients with mechanical heart valves undergoing non-cardiac surgery are ran-
domized to receive LMWH or placebo. Study completion is estimated for 2017.

The NOACs will significantly change the perioperative treatment, since in most
cases there will be no need to switch to a different anticoagulant perioperatively,
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and the onset and offset of action are relatively fast compared to warfarin. The
advent of antidotes for NOACsS, idarucizumab (Pollack et al., 2015) and andex-
anet alfa (Connolly et al., 2016), will further facilitate urgent operations in pa-
tients using NOAC:s.

In patients using warfarin, the simplest method also seems to be the safest: Unin-
terrupted warfarin is preferred in low-bleeding-risk operations, while in high-
bleeding-risk operations interrupted warfarin without bridging seems to offer the
best outcomes. There is little data to guide clinical decision making for patients
with an extremely high risk of thrombosis or mechanical valves undergoing high-
bleeding-risk surgery.

6.4 Mortality after stroke in patients with paroxysmal and chronic
atrial fibrillation (IV)

In Study IV, we showed that patients with paroxysmal AF had lower mortality
after stroke than patients with chronic AF. Also, more than 60% of patients with
paroxysmal AF were in sinus rhythm at the onset of stroke, and these patients
had a significantly better prognosis after stroke than patients who were in AF.
While the patients with chronic AF were older and had more comorbidity, the
difference remained significant after adjusting for potential confounding factors
in the regression analysis and in the comparison of propensity score-matched
pairs.

As mentioned in the literature review, the significance of the type of AF as a risk
factor for stroke has long been debated, and the results of clinical studies have
been mixed. There are number of factors explaining these differences. The defi-
nition of paroxysmal AF has varied over the years, meaning that these different
populations might not be comparable. Also, it is likely that the modern trials have
included patients who have been in the earlier phases of the disease process and
atrial remodeling, because it is probable that the diagnosis of AF is more eagerly
searched and diagnosed today because of the awareness of the stroke risk. It is
well acknowledged that AF is a progressive disease, with the structural and elec-
trical changes in the heart progressing over the course of years, with the increas-
ing burden of AF paroxysms ultimately leading to chronic AF in many patients.
For these reasons, it is most likely that patients in the early phases of AF have a
lower risk of stroke, while patients with long-lasting paroxysmal AF are probably
advancing towards the same stroke risk as patients with chronic AF.

It is increasingly recognized that factors other than the arrhythmia itself might
contribute to the risk of thromboembolism, including endothelial dysfuntion, fi-
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brosis, chamber dilatation and mechanical dysfunction in the left atrial append-
age (Kamel et al., 2016). Therefore, a myriad of confounding factors that are not
routinely measured in clinical practice might affect the independent thromboem-
bolic risk in a patient, while the presence of AF can be seen as a signal of the
underlying thrombogenic pathology.

There is some evidence that measurement of the AF burden with an implantable
device can be used to quantify the risk of stroke (Glotzer et al., 2009). While
measuring the exact amount of AF with an implantable device seems logical, it is
impractical and laborious in clinical practice, and there is not much data to indi-
cate what amount of AF would be safe for a patient.

The clinical guidelines have offered a practical approach, recommending an-
tithrombotic therapy based on the CHA2DS>-VASc score irrespective of the type
of AF (European Heart Rhythm Association et al., 2010; January et al., 2014).
While this approach identifies high-risk patients, it is likely that some of these
patients would in reality have only very rare paroxysms of AF and such a low
risk of stroke that they would not benefit from OAC. However, until more pre-
cise systems for evaluating thromboembolic risk emerge, we have no better tool
to identify these low-risk patients than the guideline-recommended scoring sys-
tems.

The lower mortality after stroke in patients with paroxysmal AF is probably mul-
tifactorial, but since the majority of the patients were in sinus rhythm at the onset
of stroke, it is probable that many of the strokes were not thromboembolic but
rather atherothrombotic, resulting in a less severe ischemic event with a more
benign prognosis. It is well known that strokes are more severe and lethal in pa-
tients with AF than in patients without AF (McGrath et al., 2013; Wolf et al.,
1998). Obviously, it is possible that some of the patients had spontaneous cardio-
version before the onset of stroke, but these patients probably represent only a
minority in this population. We also know that a significant proportion of the
mortality in patients with AF is not directly associated with thromboembolism,
as, for example, congestive heart failure and sudden cardiac death cause a signif-
icant proportion of the deaths in this population (Bassand et al., 2016). While
some of these deaths might not be related to the stroke per se, it is probable that,
during the 30 days after an ischemic event, the majority of the deaths are related
to the cerebral thromboembolism.

How should these findings affect clinical judgment? At the moment, there is not
enough evidence to alter clinical decision making. However, it seems clear that
there is room for improvement in the risk stratification schemes, because it seems
that there are certain patients with AF who have a lower risk of stroke and mor-
tality than that predicted by the CHA>DS>-VASc score alone. Since measuring
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the exact amount of AF in a given patient is impractical and such measurements
are hard to interpret, a more practical surrogate marker might be better able to
serve the same purpose. For example, the biomarker-assisted risk-scoring sys-
tems might offer a better “view” of the underlying heart pathology and thrombo-
embolic risk than the scores that are solely based on clinical factors (Ruff et al.,
2016). Additionally, one of the large prospective studies underway, e.g., the
GARFIELD study; (Kakkar et al., 2012) or the ORBIT-AF registry (Piccini et
al., 2011), might provide a more accurate risk-scoring system in the future.

6.5 Limitations

The FibStroke study carries all the inherent limitations of a retrospective obser-
vational study. The characterization of the patients could not be as accurate as in
a prospective trial. On the other hand, we did have access to all electronic patient
records of the participating hospitals, so we were not dependent on the data rec-
orded during a single visit. Also, reporting of certain conditions might be affect-
ed by the clinical scenario; for example, the treating physician might be more
eager to write down contraindications to anticoagulation when making the deci-
sion to withhold OAC. While we used logistic regression and propensity score
matching to control for confounding factors, the non-randomized trial design
cannot rule out residual confounding by unmeasured risk factors. While multi-
center design is a strength of the study, it might also bring about variations in
treatment decisions that are not visible in the patients’ characteristics. Moreover,
the definition of paroxysmal AF was the one used by the treating physician.
While the exact definition might contain some inaccuracy, it is the one most
closely reflecting the clinical practice at the moment.

Our study also has certain strengths. The retrospective design allowed for the
inclusion of all consecutive patients and events, reflecting real-life clinical prac-
tice. In addition, because of the Finnish healthcare system and stability of the
population, it is probable that almost all hospital treatment in the catchment areas
of the participating hospitals was conducted in those hospitals, allowing for a
comprehensive identification of the previous cardioversions and procedures.

6.6 Future implications

Cardiology is a rapidly advancing field of medicine, and significant advances
have been made in the treatment of patients with AF in recent years.
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It is likely that the use of catheter ablation procedures will increase in the future,
providing a more powerful tool to achieve rhythm control. Whether or not these
procedures can improve the prognosis of these patients or reduce the risk of
thromboembolism has yet to be proven. Until now, stroke prevention with left
atrial appendage occlusion devices has been used only in selected patients with a
high risk of bleeding and thromboembolism. If the procedural safety is improved,
the indications for these procedures might expand to patients with a more moder-
ate risk profile.

The majority of patients will still be using OAC for stroke prevention in the com-
ing years. It is likely that most new patients with AF will be started on NOAC in
the future, while warfarin will still be used by patients with valve prostheses.

Perioperative treatment of patients with AF will be more straightforward in pa-
tients with NOAC compared to warfarin, and the role of LMWH bridging will
most likely decrease. Exceptions include those patients who cannot take oral
medications due to surgery and patients with valve prostheses. Hopefully, new
trials will shed more light on the best perioperative treatment for patients receiv-
ing OAC.

More accurate risk stratifications schemes for thromboembolism will be devel-
oped in the future, incorporating more comprehensive patient characteristics and
biomarkers. The role of cardiac imaging in risk stratification is still unclear but
might carry a more significant role in the future. More complex evaluations may
rely on computer-based algorithms.

While technological advances are being made, the final decision of whether to
accept and adhere to the given treatment is still made by the individual patient.
Patient education and participation in the treatment will be key elements in im-
proving outcomes. The communication and the relationship between the physi-
cian and the patient will also remain highly important in the future.
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7 CONCLUSIONS

Underuse of OAC is a highly important reason for stroke in patients with AF. (I)

Most post-cardioversion strokes occur after cardioversion of acute AF and to pa-
tients not using OAC. (II)

Postoperative ischemic strokes are often preceded by interruption of OAC for the
operation. Bridging therapy with LMWH and a combination of anticoagulation
with antiplatelet agents is common in patients with postoperative intracranial
bleeding. (I1I)

Mortality after stroke is lower in patients with paroxysmal AF compared to pa-
tients with chronic AF. In particular, patients who are in sinus rhythm at the on-
set of stroke have a better prognosis. (IV)
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