% Maastricht University

Clinical implications of idiopathic atrial fibrillation

Citation for published version (APA):

Weijs, B. (2012). Clinical implications of idiopathic atrial fibrillation. [Doctoral Thesis, Maastricht
University]. Maastricht University. https://doi.org/10.26481/dis.20120921bw

Document status and date:
Published: 01/01/2012

DOI:
10.26481/dis.20120921bw

Document Version:
Publisher's PDF, also known as Version of record

Please check the document version of this publication:

« A submitted manuscript is the version of the article upon submission and before peer-review. There can
be important differences between the submitted version and the official published version of record.
People interested in the research are advised to contact the author for the final version of the publication,
or visit the DOI to the publisher's website.

« The final author version and the galley proof are versions of the publication after peer review.

« The final published version features the final layout of the paper including the volume, issue and page
numbers.

Link to publication

General rights

Copyright and moral rights for the publications made accessible in the public portal are retained by the authors and/or other copyright
owners and it is a condition of accessing publications that users recognise and abide by the legal requirements associated with these
rights.

« Users may download and print one copy of any publication from the public portal for the purpose of private study or research.
« You may not further distribute the material or use it for any profit-making activity or commercial gain
« You may freely distribute the URL identifying the publication in the public portal.

If the publication is distributed under the terms of Article 25fa of the Dutch Copyright Act, indicated by the “Taverne” license above,
please follow below link for the End User Agreement:
www.umlib.nl/taverne-license

Take down policy
If you believe that this document breaches copyright please contact us at:

repository@maastrichtuniversity.nl
providing details and we will investigate your claim.

Download date: 28 Apr. 2024


https://doi.org/10.26481/dis.20120921bw
https://doi.org/10.26481/dis.20120921bw
https://cris.maastrichtuniversity.nl/en/publications/2d5ba8a1-c1c5-4354-92d8-9f03ac2b92f4

C L [N | CESt
IMPLICATIONS OF

Bob Weijs -




MIX

Paper from
responsible sources

Ewﬁscmg FSC® C014810

Copyright Bob Weijs, Maastricht 2012
ISBN: 978 94 6191 372 2

Cover design: Bob Weijs & Frans Schupp (www.fransschupp.nl)
Cover photography: Anne Custers, Monteverde Cloud Forest, Costa Rica
Production: Ipskamp Drukkers Enschede




CLINICAL IMPLICATIONS OF
IDIOPATHIC ATRIAL FIBRILLATION

PROEFSCHRIFT

ter verkrijging van de graad van doctor
aan de Universiteit Maastricht,
op gezag van de Rector Magnificus, Prof. dr. L.L.G. Soete
volgens het besluit van het college van decanen,
in het openbaar te verdedigen
op vrijdag 21 september 2012 om 12.00 uur

door

Bob Weijs

geboren op 12 januari 1984 te Heerlen




Promotor
Prof. dr. H.J.G.M. Crijns

Co-promotor
dr. R. Pisters

Beoordelingscommissie

Prof. dr. U. Schotten

Prof. dr. I.C. Van Gelder (UMC Groningen)
Prof. dr. A.P.M. Gorgels

Prof. dr. J.L.LR.M. Smeets (UMC Nijmegen)
Prof. dr. C.D.A. Stehouwer

Financial support by the Dutch Heart Foundation and Stichting Hartsvrienden RESCAR
for the publication of this thesis is gratefully acknowledged. Further financial support
by the Maastricht University Medical Centre, Medtronic BV, Boehringer-Ingelheim BV,
Merck Sharp & Dohme BV, Bayer BV, and Biotronik Nederland BV is equally
appreciated.




“l started out with nothing, and I still got most of it left”
Seasick Steve, Warner Bros Records, 2008







CONTENTS

PART I

PART Il

V.

VI.

VII.

Prologue
Introduction

ELECTRO-ECHOCARDIOGRAPHIC CHARACTERIZATION OF THE
ATRIAL SUBSTRATE FOR ATRIAL FIBRILLATION

Atrial tissue Doppler imaging for prediction of new-onset
atrial fibrillation
Heart. 2009; 95(10):835-40

Clinical and echocardiographic correlates of intra-atrial
conduction delay
Europace. 2011;13(12):1681-1687

Editorial by Michael Y. Henein: atrial electromechanical
function
Europace. 2011;13(12):1665-6

The presence of an atrial electromechanical delay in
idiopathic atrial fibrillation as determined by tissue Doppler
imaging

Int J Cardiol. 2012;156(1):121-2

THE ARRHYTHMIA IN ITS IMMACULATE FORM

Idiopathic atrial fibrillation revisited in a large longitudinal
clinical cohort
Europace. 2012;14(2):184-90

Editorial by D. George Wyse: idiopathic atrial fibrillation: a
rose by any other name?
Europace. 2012;14(2):151-2

Masked hypertension in a patient with idiopathic atrial
fibrillation
Neth J Med. 2010; 68(10): 328

The occurrence of cardiovascular disease during 5 year
follow up in patients with idiopathic atrial fibrillation
Europace 2012, in press

11

23

39

53

59

65

81

87

91




PART IIl ATRIAL FIBRILLATION IS A VASCULAR DISEASE RATHER THAN

VIII.

XI.

XIl.

XII.

AN ARRHYTHMIA

Patients originally diagnosed with idiopathic atrial fibrillation
more often suffer from insidious coronary artery disease
compared to healthy sinus rhythm controls

Heart Rhythm 2012, in press

Making things worse: Patients using vitamin K antagonists
show increased levels of coronary calcification: an
observational study in low-risk atrial fibrillation patients
Eur Heart J. 2011;32(20):2555-62

Editorial by Nico Bruining and Ron T. van Domburg: Long
term application of vitamin K antagonists, more harm than
good? The additional value of imaging

Eur Heart J. 2011;32(20):2473-5

General discussion

Conclusion and summary

Samenvatting (voor niet medici)

Dankwoord

About the author & publications

107

123

141

149

177

181

183

189




PROLOGUE

The classification of diseases or nosology already dates from ancient Chinese medicine
and has not stood still ever since. Currently, the World Health Organization (WHO)
maintains the International Statistical Classification of Diseases (ICD-10). Regardless
the structure that is used, the chances of successful classification depend on reliable
and robust medical definitions.

There are several problems in trying to come up with a suitable definition,
particularly through the years when new underlying aetiologies or better diagnostic
tests come along. Even within frequently used definitions there are variations,
uncertainties, and inconsistencies throughout the literature. Should we blame
ourselves? Probably not, since nature is by far more diverse than we are able to
capture in our guidelines and definitions. However, since physicians are always on the
quest for a decent diagnosis and underlying causal factors of diseases, the use of the
term “idiopathic” seems to be a subtle declaration of ignorance. The eventual
population with an “idiopathic” disease is determined not only by definition, but also
by the extent of the search for underlying causal factors and the robustness of
diagnostic tools used in this perspective. How hard do we have to look for associated
comorbidities and causal factors? From a scientific point of view one cannot look hard
and deep enough. But the search for potential causal mechanisms has to be clinically
applicable. From a clinical point of view, one needs to look for preventable and curable
causes of a disease, all other ‘causes’ are - for the moment - clinically futile and
confusing for the general clinician, and may even trigger false therapies. The current
thesis deals with the transitoriness of the term idiopathic atrial fibrillation as a medical
definition.
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CLINICAL BACKGROUND

“Auricular fibrillation” in humans was already described and captured on
electrocardiography in 1906."> Ever since, science concerning atrial fibrillation (AF) has
never stood still and in fact, the arrhythmia nowadays is “hotter than ever” (3345
scientific articles alone in 2011, of which 10% high impact [impact factor>10]
publications, www.PubMed.com).

“Pulsus Inaequalis et Irregularis.” Einthoven W. Le télécardiogramme. 1906

Burden of the arrhythmia and clinical implications
Management of AF has evolved greatly in the past few years and many areas have had
substantial advances or developments.“'6 This is not without reason; AF is the most
common sustained cardiac rhythm disorder in clinical practice, occurring in 1-2% of the
general population.7 Over 6 million Europeans suffer from this arrhythmia and it is
estimated that its prevalence will at least double in the next 30-50 years because of an
ageing population and improved healthcare.” ® ° For the Netherlands, the overall
prevalence of AF is 5.5% in the population over 55 years, corresponding to about
250,000 AF patients, and incidence is estimated to 45,085 new AF cases per year.'> '
Although sometimes otherwise stated, AF is not a benign disease: apart from
other comorbidities, death rates are doubled by the arrhythmia and stroke risk is
increased five-fold. Besides, AF related strokes are more often fatal, and those patients
who survive their stroke are more disabled and more likely to suffer a recurrence.'”*®
Since AF is independently associated with increased morbidity and mortality, it is
responsible for a significant health care and thus economic burden.'” *"?° Regarding
the Netherlands, total costs of AF in 2009 amount € 583 million, of which the majority
(70%) accounts hospitalizations and in-hospital procedures.10

Classification and treatment

In clinical practice, AF is classified based on the presentation and duration of the
arrhythmia, resulting in five types of AF: first diagnosed AF, paroxysmal AF (self-
terminating, usually <24h, but self-termination may occur even after one week, even

12
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in a fixed pattern), persistent AF (lasts longer than 7 days or requires termination by
cardioversion), long-standing persistent AF (has lasted >1 year when it is decided to
aim for conversion to sinus rhythm) and permanent AF (the arrhythmia is accepted).4
Over time, AF progresses from usual short and rare episodes, to more sustained forms
of AF. Only a small proportion of patients will remain in paroxysmal AF over several
decades.”

It is important to realize that the increased risk for stroke is irrespective of the
type of AF (paroxysmal vs. persistent or permanent). Even short runs of subclinical
atrial tachyarrhythmias are associated with a significantly increased risk of ischemic
stroke or systemic embolism.” Therefore, adequate antithrombotic therapy holds a
key position in AF patients and several stroke risk assessment schemes have been
developed to identify those at highest risk for stroke.”>? Ever since numerous clinical
trials have demonstrated that a “rhythm-control” approach (do whatever is possible to
maintain sinus rhythm) has no additional value as compared to a “rate-control”
strategy (leaving AF unaffected apart from restriction of ventricular rate), AF
management is aimed at reducing symptoms and at preventing severe complications
associated with the arrhythmia, and thus relies on antithrombotic therapy, control of
ventricular rate and adequate treatment of concomitant disease.* **?*°

Structural remodelling and concomitant disease
AF derives from a complex continuum of predisposing factors and its exact
mechanisms are complex and incompletely understood.*® However, the true ‘scene of
calamity’ is the atrium. Increased left atrial (LA) size is associated with increased risk of
AF onset and recurrence, other cardiovascular diseases and mortality.al’ %2 Both atrial
conduction slowing and atrial dilatation (also called electrical and structural
remodelling) will favour AF as it results in increased total atrial conduction time, which
is the time elapsed between the initiation of atrial depolarisation and the last
depolarisation of the same activation front.>***

Delayed conduction is one of the requirements for the initiation of re-entry.
For that reason, the development of AF is strongly associated with well-known
underlying cardiovascular conditions (older age, hypertension, heart failure, valvular
heart disease, and diabetes mellitus), which affect the atria directly or indirectly, and
eventually lead to structural remodelling.”' 3537 Obtaining information concerning
atrial conduction in an individual patient - in a clinically feasible and patient friendly
manner - could substantially add to find those at risk for AF and those with presence of
subclinical underlying cardiovascular disease and may differentiate between different
degrees of atrial remodelling in order to facilitate future strategies to prevent the
development or complications of AF, as outlined in PART I of this thesis.

Idiopathic atrial fibrillation

Idiopathic or lone atrial fibrillation refers to AF in the absence of a cardiovascular or
pulmonary disease generating the pathophysiological substrate for the arrhythmia.***°
It has been described variously from 1927 as benign AF, functional AF, senile
fibrillation, fibrillation of unknown origin and fibrillation without heart disease, until
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Evans and Swann proposed for the first time the term lone AF in 1953.*"* All of these

publications discussed short reports of cases were AF occurred in the absence of heart
disease (as determined by means of diagnostic tests which were not very well
established back in those days). In hindsight, most of these cases nowadays would be
classified as secondary or transient AF (i.e. those cases due to alcohol intoxication,
inflammatory disease, or electrocution) or due to autonomic (vagal or adrenergic)
triggers.4’ %48 Eor example, Hay and Jones reported two very ‘imaginative’ cases of:
“auricular fibrillation in a patient who was frightened by a dog, and climbed over a
high wall, ... and another in a man who struggled with a horse...”*

Idiopathic: (5tog, idios (one's own) + madog, pathos (suffering) — without apparent cause.

There is only limited - and more important, conflicting - evidence concerning
the development, treatment and prognosis of idiopathic AF in the literature. Its
reported prevalence varies widely between 2 and 30%, which relates to ambiguous
definitions, specifically with regards to age and underlying cardiopulmonary disease.*”
#1304 presumably, these differences regarding the definition of idiopathic AF are also
responsible for conflicting data on prognosis of these patients. Data from the Olmsted
County database suggest that idiopathic AF is a benign disease with comparable risk of
thromboembolism, congestive heart failure and mortality as the general population,
whereas data from the Framingham Heart Study and the Paris Prospective Study show
that idiopathic AF is associated with increased mortality and co-morbidity.n‘ 39,50,51,55
The RACE study, performed in the Netherlands, showed an annual event rate for
developing a vascular endpoint (cardiovascular death, heart failure or thromboembolic
complication) of 8% in the general AF patient.”” In the subset of patients with
idiopathic AF, annual morbidity and mortality rates comprised 4% both in the RACE
Study as the Belgrade AF Study.56' >

Atrial fibrillation is a well-established risk factor for cardiovascular events such
as stroke and myocardial infarction. In fact, these vascular complications form the
major threat of the arrhythmia.4 Since comprehensive evidence is lacking in the
scientific literature, we should - for the sake of our patients - assume that the same
holds true for the idiopathic AF patient and that these patients should be treated
accordingly. The short and long term development of cardiovascular disease and the
influence of occurrence of mild cardiovascular disease on prognosis of patients initially
diagnosed with idiopathic AF is described in PART II.

The latest guidelines on management of AF define idiopathic AF as the
arrhythmia in absence of underlying cardiovascular or pulmonary disease as
determined by means of routine diagnostics such as: exercise-test, echocardiography,
24h-rhythm monitoring and thyroid function.” *® However, it is conceivable that many
other mechanisms, undetectable by these routine diagnostics, may be the underlying
explanation of apparent idiopathic AF. Recent studies have identified novel risk factors
such as inflammation, oxidative stress, endurance sports, obesity and sleep apnoea, or
a genetic basis for the arrhythmia.sg'66
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In addition, more advanced diagnostics (i.e. high-end echocardiography, 24h-
blood pressure monitoring, cardiac CT angiography, and cardiac MR imaging) have
become available that can be deployed at low threshold in order to detect early stage
or yet subclinical cardiovascular disease. In this respect one could raise the question
whether idiopathic AF exists at all or that it acts as a whistle-blower of as yet
undetected underlying vascular disease. Taking this into consideration, Fowler already
in 1930 (unknowingly?) postulated a very intriguing and innovative theory when he
studied 10 cases with idiopathic AF entitled: “auricular fibrillation as the only
manifestation of heart disease.” Unfortunately, this theory has not been extensively
elucidated since that time. The presence of subclinical vascular disease in patients with
apparent idiopathic AF is described in PART IIl.

AIMS AND OUTLINE OF THIS THESIS

Although the term idiopathic atrial fibrillation is frequently mentioned, accurate data
regarding development, treatment and prognosis is sparsely available in the literature.
This thesis aims to characterize idiopathic AF and its cardiovascular profiles in detail
and calls the correctness of its medical definition into question.

PART | focuses on electrical and structural remodelling of the left atrium as
determined by a novel and non-invasive echocardiographic method (PA-TDI) that was
developed and validated at our department prior to this thesis. Chapter 2 shows that
this method may predict the development of new-onset AF. Chapter 3 studied the
clinical and echocardiographic correlates of atrial remodelling by means of PA-TDI. In
Chapter 4 we show that despite the healthy nature of idiopathic AF patients, total
atrial conduction time is significantly prolonged in these patients as compared to
matched sinus rhythm controls. With regards to chapter 3, the prolonged atrial
conduction time may be an expression of yet undetected underlying heart disease,
which is further studied in Parts Il and III.

PART Il comprises a critical evaluation of the current definition as well as the
short and long-term prognosis of idiopathic AF. In chapter 5 we investigated the
importance of age (<60 years) as a criterion in the definition of idiopathic AF using
patients enrolled in the Euro Heart Survey on AF.* This chapter also describes 1-year
prognosis in patients with idiopathic AF and the impact of the presence of isolated
hypertension on this 1-year prognosis in an otherwise comparable group of patients.
Chapter 6 shows that certain forms of concealed cardiovascular disease may be
present in the patient who presents with idiopathic AF. In chapter 7 we studied the
occurrence of cardiovascular disease during 5 year follow up in patients originally
diagnosed with idiopathic AF.

PART Ill concerns the presence of concealed coronary artery disease in
patients with apparently idiopathic AF (chapter 8) and demonstrates that current
treatment strategies may aggravate this process in AF patients without a significant
vascular risk at the start of their arrhythmia (chapter 9).
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ABSTRACT

Background: The total atrial conduction time (TACT) is an independent predictor of
atrial fibrillation (AF). A new transthoracic echocardiographic tool to determine TACT
by tissue Doppler imaging (PA-TDI (the time from the initiation of the P wave on the
ECG (lead Il) to the A’ wave on the lateral left atrial tissue Doppler tracing)) has been
developed recently.

Objective: To test the hypothesis that measurement of PA-TDI enables prediction of
new-onset AF.

Methods: 249 Patients without a history of AF were studied. All patients underwent an
echocardiogram and the PA-TDI interval was measured. Patient characteristics and
rhythm at follow-up were recorded.

Results: During a mean (SD) follow-up of 680 (290) days, 15 patients (6%) developed
new-onset AF. These patients had a longer PA-TDI interval than patients who remained
in sinus rhythm (172 (25) ms vs. 150 (20) ms, p=0.001). Furthermore, the patients
developing AF were older, more often had a history of heart failure or chronic
obstructive pulmonary disease, more often used a blockers, had enlarged left atria and
more frequently mitral incompetence on the echocardiogram. After adjusting for
potential confounders, Cox regression showed that PA-TDI was independently
associated with new-onset AF (OR=1.375; 95% Cl 1.037 to 1.823; p=0.027). The 2-year
incidence of AF was 33% in patients with a PA-TDI interval >190 ms versus 0% in
patients with a PA-TDI interval <130 ms (p=0.002).

Conclusions: A prolonged PA-TDI interval may predict the development of new-onset
AF. This measure may be used to identify patients at risk in future strategies to prevent
the development or complications of AF.
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INTRODUCTION

Atrial fibrillation (AF) is the most common sustained cardiac arrhythmia and may result
in life-threatening complications such as stroke and heart failure." Unfortunately,
treatment often comes too late—for example, when stroke is the first manifestation of
AF.> Therefore, prediction and prevention of AF and its complications is essential.
There has been an increase in the number of admissions to hospital for AF in recent
years, demonstrating the need for primary prevention of new-onset AF.? To enable
primary prevention strategies, we have to identify which patients are at increased risk
for the development of AF. Observational population studies resulted in the discovery
of clinical and echocardiographic parameters that are associated with the
development of AF.*7 However, the currently available risk stratification parameters
have limited predictive value in the individual patient.®

Age or underlying heart disease may result in atrial dilatation or a depressed
intra-atrial conduction.”™" This will lead to an increased total atrial conduction time
(TACT) and facilitate AF. Recently, we validated a new non-invasive echocardiographic
method to determine the TACT, using transthoracic tissue Doppler imaging of the atria
(the PA-TDI interval).”” We demonstrated that PA-TDI is an easy, fast and reliable
method to estimate the TACT. This study was designed to test the hypothesis that non-
invasive measurement of the TACT facilitates the identification of subjects at risk for
development of AF in patients with no prior history of atrial arrhythmias.

METHODS

We prospectively studied a total of 249 consecutive patients in sinus rhythm. We
included all consecutive patients from the outpatient clinic of one of our cardiologists
(RGT) who were referred for a standard echocardiographic examination for various
cardiovascular diseases. Patient-informed consent was obtained and the study was
approved by our institutional review board. Exclusion criteria were a history of AF,
atrial flutter, atrial tachycardia, age <18 years, previous pacemaker implantation or an
implantable cardioverter-defibrillator.

The echocardiogram

An independent observer blinded for the history of the patients performed the
echocardiogram while subjects were lying in the left lateral decubitus position. All
patients underwent standard two-dimensional transthoracic echocardiography,
including M mode, and Doppler echocardiography (Sonos 5500, Philips Medical
Systems, Andover, Massachusetts, USA). Recordings were made in the standard
projections (subcostal, parasternal long-axis, parasternal short-axis, four-chamber
apical long-axis and two-chamber apical long-axis views). Aortic diameter, atrial
volumes, ventricular wall thickness, left ventricular dimensions, left ventricular mass,
left ventricular ejection fraction, caval vein width and collapse index, valve disorders,
wall motion disorders and Doppler flow patterns of the mitral valve (E wave, A wave)
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were determined in all patients according to the recommendations of the American
Society of Echocardiography. Additionally, we determined the TACT with tissue
Doppler imaging as described previously.12 In the apical four-chamber view, the
pulsed-wave tissue Doppler sample was placed on the lateral wall of the left atrium
just above the mitral annulus. The PA-TDI interval, defined as the time-interval from
initiation of the electrocardiographic P wave recorded by the echo machine (lead Il) to
the peak of the A’ wave of the atrial tissue Doppler tracing (fig 1), was measured in
three cardiac cycles and averaged.

ECG (lead II)-*

TDI tracing .

FIGURE 1 — Example measurement of the PA-TDI interval

The electrocardiogram

At the time of inclusion, all patients underwent 12-lead ECG recording obtained in the
supine position using an ECG system (MAC 5000, Marquette Medical Systems,
Milwaukee, Wisconsin, USA). Previous studies have shown that the surface ECG P-
wave duration, also an estimate of the TACT, is a predictor for new-onset AF after
cardiac surgery.” Therefore, an independent observer who was unaware of the results
from the other examinations or the patients’ history did a manual P-wave duration
measurement. The onset of the P wave was defined as the junction between the
isoelectric line and the beginning of the P-wave deflection, and the offset of the P
wave as the junction between the end of the P-wave deflection and the isoelectric line.
To improve accuracy, a digital caliper and magnifying glass were used to perform the
measurements.

Data collection

Patient characteristics, medical history and medication at the time of
echocardiography were collected. Furthermore, we verified the absence of atrial
arrhythmias by examining the patient charts and our electronic medical records and an
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electronic ECG database, which stores all ECGs and Holter recordings performed in our
hospital. In all patients a virtual CHADS, score was calculated. This acronym stands for
Congestive heart failure, Hypertension, Age (75 years and older), Diabetes mellitus and
a history of Stroke/transient ischaemic attack (2 points). This scoring system allows
instant classification of the relative thromboembolic risk in patients with AF, and is
incorporated in the latest guidelines on the management of AF.** During follow-up,
patients were seen at 6-month intervals in our outpatient department. During every
visit, symptoms of AF were thoroughly verified and an ECG was obtained. When in
doubt about the rhythm status of the patient, a Holter recording was performed. As
soon as patients were admitted to the first aid department with cardiac complaints,
the rhythm was verified by one of our cardiologists and the presence of AF was
recorded in the digital charts of our cardiology department. Since the University
Hospital Maastricht has a strong regional community care function, none of the
patients were lost to follow-up.

Statistical analysis

Data analysis was performed with SPSS statistical software V.15.0. Continuous
variables are reported as mean (SD) and categorical variables as observed number of
patients (percentage). Since our survival data were partly censored, we performed a
Cox regression univariate analysis when comparing patients who developed AF during
follow-up with patients who did not. When comparing 2-year incidences of AF we used
Xz to evaluate three or more groups and Fisher’s exact test when comparing two
groups. Given the limited number of events, we first determined an odds ratio (OR) for
PA-TDI alone to predict AF during follow-up using Cox regression analysis. Later, we
adjusted the OR for potential confounders. All parameters showing a significant
univariate relation with the occurrence of new-onset AF during follow-up were
included in a Cox regression model (heart failure in history, mitral incompetence on
echo, chronic obstructive pulmonary disease in history, a-blocker use, left atrial size on
echocardiogram and age). We did not include the CHADS, score in the model since it
was derived from other variables included in the model (age and history of heart
failure). The predictive accuracy of PA-TDI was reported using a receiver operating
characteristic (ROC) curve. All tests performed were two sided. Overall, a p value of
<0.05 was considered to be significant.

RESULTS

We included 249 patients in our study. The PA-TDI interval ranged between 103 ms
and 223 ms. The mean (SD) age of our cohort was 62 (13) years. Many patients had
underlying cardiovascular disease. The most common disease was hypertension, which
occurred in 61% of our patients. Table 1 presents the other baseline and
electrocardiographic characteristics of our cohort. The body mass index and underlying
heart disease of our cohort were in line with previous large cohort studies evaluating
echocardiographic predictors of AF.” ™ Therefore, we believe that our population is
representative of general cardiac outpatient clinics.
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TABLE 1 — Patient characteristics

i No AF during AF during follow-up

Characteristics follow-up > P value
(n=234) (n=15)

Age (years) 61 (13) 70 (13) 0.009
Female, n (%) 127 (54) 8 (53) 0.987
Body mass index (kg/m?) 27 (4) 27 (4) 0.755
Underlying heart disease
Hypertension, n (%) 142 (61) 11 (73) 0.643
Coronary artery disease, n (%) 24 (10) 2 (13) 0.527
Diabetes mellitus, n (%) 27 (12) 2(13) 0.686
Thromboembolic events, n (%) 9 (4) 0 0.633
Valve disease, n (%) 44 (19) 5(33) 0.091
Heart failure, n (%) 17 (7) 5(33) 0.007
Stroke/TIA, n (%) 44 (19) 3(20) 0.534
COPD, n (%) 13 (6) 4(27) 0.014
Thyroid disease, n (%) 11 (5) 1(7) 0.662
Virtual CHADS; score 1.32(1.17) 2.21(1.72) 0.007
Virtual CHADS, score” 1(5) 2 (6) 0.007
Medication
Oral anticoagulation, n (%) 16 (7) 2(13) 0.279
Aspirin, n (%) 58 (25) 5(33) 0.551
Sotalol, n (%) 8(3) 1(7) 0.562
Beta-blocker, n (%) 82 (36) 8(53) 0.204
Verapamil, n (%) 13 (6) 1(7) 0.776
Digitalis, n (%) 4(2) 1(7) 0.115
Nitrates, n (%) 18 (8) 0 0.520
ACE-inhibitor, n (%) 52 (23) 5(33) 0.902
ARB, n (%) 51 (22) 2(13) 0.487
Diuretics, n (%) 52 (23) 6 (40) 0.256
Statins, n (%) 64 (28) 5(33) 0.637
D-CCB, n (%) 44 (19) 4(27) 0.827
Alphablocker, n (%) 4(2) 2 (13) 0.004
Number of CV drugs 1.92 (1.69) 2.60 (2.29) 0.272
Nr of CV drugs” 2(7) 2(7) 0.272
Electrocardiogram
Heart rate (bpm) 71 (14) 71 (11) 0.977
P-wave duration (ms) 89 (21) 97 (33) 0.669
PQ interval (ms) 157 (27) 170 (53) 0.066
QRS duration (ms) 93 (17) 99 (22) 0.112
Tissue Doppler imaging
PA-TDI (ms) 150 (20) 172 (25) 0.001
Maximal A" wave velocity (cm/s) 16 (5) 14 (4) 0.215
Dimensions
Aorta diameter (mm) 34 (4) 34 (4) 0.806
Left atrial dimension (mm) 40 (5) 43 (7) 0.018
LV end-diastolic diameter (mm) 49 (6) 49 (7) 0.775
LV end-systolic diameter (mm) 33(7) 35(10) 0.223
Interventricular septum width (mm) 9(1) 10 (2) 0.689
Posterior wall width (mm) 9(1) 9(2) 0.894
Left ventricular mass (g) 196 (51) 203 (64) 0.586
End-diastolic volume (ml) 112 (35) 103 (19) 0.282
End-systolic volume (ml) 45 (29) 39 (9) 0.370
Caval vein (mm) 17 (4) 18 (5) 0.985
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TABLE 1 Continued

- No AF during AF during follow-up

Characteristics follow-up (n=15) P value
(n=234)

Left ventricular function
LV ejection fraction (%) 61 (9) 56 (14) 0.095
Hypokinesia, n (%) 38 (16) 4(27) 0.480
Mitral valve Doppler assessments
Maximal E-wave velocity (cm/s) 74 (18) 78 (15) 0.410
E-wave deceleration slope (m/s?) 379 (150) 453 (216) 0.301
E-wave deceleration time (ms) 204 (50) 185 (60) 0.524
Maximal A-wave velocity (cm/s) 82 (43) 77 (19) 0.882
E/A ratio 0.97 (0.33) 1.03 (0.22) 0.870
Valvular disorders
Aortic incompetence 12 (5) 1(7) 0.749
Mitral incompetence 13 (6) 4(27) 0.009
Tricuspid incompetence 12 (5) 2 (13) 0.118
Aortic stenosis 9(4) 1(7) 0.421
Mitral valve stenosis 1(1) 0 0.868
Systolic RV pressure (mmHg) 30 (6) 33(11) 0.126

Results are shown as mean (SD) unless stated otherwise; "Median (range); AF, atrial fibrillation; COPD,
chronic obstructive pulmonary disease; ACE, angiotensin-converting enzyme inhibitor; ARB, Angiotensin-II
receptor blocker; D-CCB, dihydropyridine calcium channel blocker; CV, cardiovascular; PA-TDI, the time from
the initiation of the P wave on the ECG (lead Il) to the A’ wave on the lateral left atrial tissue Doppler tracing.

During a mean (SD) follow-up of 680 (290) days, 15 (6%) patients developed new-onset
AF. Of all patients developing AF, two (13%) had one episode of paroxysmal AF, 12
(80%) had recurrent episodes of paroxysmal AF and one (7%) had permanent AF. The
patients who developed AF during follow-up were older (70 (13) years vs. 61 (13)
years, p=0.01) and more often had a history of heart failure and chronic obstructive
pulmonary disease. a-Blockers were used more frequently in the patients who
developed AF during the follow-up period. As a result, the mean CHADS, score was
higher in these patients. No other differences were seen in baseline characteristics
between the patients who demonstrated AF during follow-up and those who did not.
The echocardiogram of the patients who developed AF showed a longer mean (SD) PA-
TDI interval at baseline than patients who remained in sinus rhythm (172 (25) ms vs.
150 (20) ms, p=0.001). The standard echocardiographic examination demonstrated
enlarged left atrial size and more mitral incompetence in the patient with new-onset
AF during follow-up (table 1).

Prediction of atrial fibrillation during follow-up

Cox regression analysis showed that the echocardiographic PA-TDI interval was
associated with the development of AF during follow-up (per 10 ms; OR=1.520; 95% ClI
1.195 to 1.933; p=0.001). When adjusting for possible confounders as defined in the
statistical section, we found an OR of 1.375 (95% ClI 1.037 to 1.823; p=0.027) (table 2).
Figure 2 shows the ROC curve to discriminate between people who will or will not
develop new-onset AF during follow-up based on the PA-TDI. The area under the curve
was 0.740 (95% ClI 0.608 to 0.871; p=0.002). Using the ROC curve of PA-TDI, we
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determined the optimal cut-off value for PA-TDI to predict the occurrence of atrial
fibrillation: 165 ms (sensitivity 67%; specificity 77%). A lower cut-off point (i.e., 150 ms)
would result in a higher sensitivity (80%) and a lower specificity (50%), implying that
many patients would be wrongly identified as patients developing new-onset AF. The
Kaplan—Meier 2-year cumulative risk for the development of AF was significantly
increased for patients with a baseline PA-TDI interval >165 ms (fig 3). We divided the
patients into four groups according to the PATDI interval measured at baseline (for
each 30 ms increase). The 2-year incidence of AF was 33% in patients with a PA-TDI
interval >190 ms versus 0% in patients with a PA-TDI interval <130 ms (p=0.002) (fig 4).

TABLE 2 - Cox regression analysis: risk of new-onset AF during follow-up in patients without a history of AF
corrected for possible confounders

Confounders OR (95% ClI) P value
PA-TDI (per 10 ms increase) 1.375(1.037 — 1.823) 0.027
Heart failure in history 1.929 (0.400 —9.307) 0.413
Mitral incompetence on echo 2.866 (0.666 — 12.342) 0.158
COPD in history 3.383(0.827 — 13.848) 0.090
Alphablocker use 6.800 (0.933 — 49.568) 0.059
Left atrial size (per mm) 0.991 (0.880 — 1.115) 0.875
Age (per year) 1.016 (0.956 — 1.081) 0.606
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FIGURE 2 — ROC-curve of PA-TDI to predict the development of atrial fibrillation
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FIGURE 3 - Kaplan-Meier cumulative incidence of the first occurrence of atrial fibrillation

DISCUSSION

This study demonstrates that the TACT as determined by tissue Doppler imaging may
help to identify patients with a substrate vulnerable for AF. After correcting for
possible confounders, the PA-TDI interval remains the most important predictor of
new-onset AF. The longer the PA-TDI interval, the higher the incidence of new-onset
AF. In fact, each 10 ms increase of PA-TDI is associated with an increased risk of
developing AF of 37-52% in the next 2 years. Therefore, the PATDI interval may
become a useful measure for risk stratification to improve efficiency of primary
prevention of AF.

Importance of predicting atrial fibrillation

AF can result in life-threatening complications such as stroke and heart failure.
Therefore, the application of adequate individual treatment is essential."®"’
Unfortunately, many patients have silent AF."® As a result, treatment may come too
late. In this study, the virtual CHADS, score in the group of patients who developed AF
indicates that most of our patients do have an indication for oral anticoagulation once
they develop AF. Adequate administration of oral anticoagulation will reduce the risk
of thromboembolic complications by 60%." Therefore, one could imagine that
prophylactic anticoagulation could be applied in patients with a high CHADS, score and
a long PA-TDI interval. However, this hypothesis needs to be confirmed in prospective
randomized trials. Recent studies demonstrated that new-onset AF and associated
stroke were significantly reduced by losartan.”®*" In our study, these “upstream’” drugs
did not prevent AF. However, drug treatment was not randomized, and the trend
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towards an increased number of cardiovascular drugs may in fact reflect the presence
of more severe underlying heart disease.

In our study, we demonstrate that a short PA-TDI interval (<130 ms) seems to
prevent patients from developing AF. Therefore, one could hypothesize that these
patients are not candidates for primary prevention. Patients with a PA-TDI interval
>165 ms have a reasonable chance of developing AF and could be candidates for
primary prevention using “upstream’’ cardiovascular drugs. A PA-TDI interval >190 ms
makes patients very vulnerable for the development of AF. These patients could be
treated with prophylactic anticoagulation, especially when they have a high CHADS,
score.

In summary, the use of a simple echocardiographic measure enhances
identification of patients at increased risk for AF, which may make primary prevention
more cost effective by reducing the numbers needed to treat.

3577 ©b<0.001
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25 —|
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New onset AF during follow-up (%)
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<130 130-160 161-190 >190
n=34 n=121 n=79 n=15

PA-TDI at baseline (ms)

FIGURE 4 - 2-year incidence of new-onset atrial fibrillation (AF) in patients classified according to the PA-TDI
interval measured at baseline

Classic predictors of atrial fibrillation

Observational population studies such as the Framingham Heart study, the Manitoba
Follow-up study and the Cardiovascular Health study reported several clinical and
echocardiographic parameters that are associated with the development of new-onset
AF.*7?** The clinical factors associated with new-onset AF are higher age, male sex,
the presence of diabetes, hypertension, congestive heart failure, valve disease and
coronary artery disease. Left atrial enlargement, increased left ventricular wall
thickness, left ventricular diastolic dysfunction and a reduced left ventricular fractional
shortening are predictive echocardiographic parameters for new-onset AR

32




CHAPTER Il | TISSUE DOPPLER IMAGING TO PREDICT AF

However, these currently available risk stratification measures have limited
predictive value in the individual patient.8 This study showed that the PA-TDI interval
outperformed all the previously known predictors of AF. This is possibly because the
pathophysiological mechanisms by which ageing and the above-mentioned conditions
leading to AF have a final common pathway, which result in prolongation of the TACT.’

Role of the total atrial conduction time in the prediction of atrial fibrillation

The multiple wavelet re-entry theory postulated the existence of multiple spatially
discrete activation fronts (wavelets) resulting in re-entry at changing locations as the
basis for AF.>>?® A decreased conduction velocity, leads to a shorter wavelength of the
reentrant wave fronts. An increased atrial size can harbour more wave fronts of a
certain size at the same time. Both will favour AF. An increased TACT, which is the time
elapsed between the initiation of atrial depolarisation and the last depolarisation of
the same activation front,”” incorporates both conduction slowing and atrial dilatation,
and may therefore reflect the existence of a substrate vulnerable for AF.
Determination of the TACT may therefore be better than the classical predictors of AF
since it might not only demonstrate the presence of underlying disease but also its
severity. P-wave duration on the 12-lead ECG and PA-mv using the mitral Doppler flow
signalzg’29 provide estimates of the TACT. However, PA-TDI determined by
transthoracic tissue Doppler imaging had the best correlation with the “gold standard”’
(SA-ECG P-wave duration)." Previous studies presented a similar parameter measuring
the interval between the onset of the P wave on the ECG till the onset of the A” wave
of the left atrial lateral wall instead of the peak of the A’ wave (atrial
electromechanical interval or AEMI).>>*" Post hoc analysis of our data showed similar
results using both methods (data not shown).

Study limitations

The PA-TDI interval overestimates the total atrial activation time since it includes both
the time required for the propagation of impulses from the sinus node area to the left
atrium, and the time required for the electromechanical coupling in the left atrium.
However, in a recent validation study, this electromechanical coupling appeared to be
constant.” Furthermore, there seems to be a minor delay in ECG processing on all
echo machines. In our study, this delay amounts to a maximum of 5 ms (unpublished
technical information by Philips Medical Systems, Andover, Massachusetts, USA).
Fortunately, this delay is consistent and therefore unlikely to affect our results.

This study was of limited size. As a result, the exact cut-off values need to be
confirmed in a larger study with a longer follow-up. This would allow a study of the
contribution of PA-TDI to a prediction model including “classical” predictors of new-
onset AF. Nevertheless, it seems reasonable to state that a larger PA-TDI interval is
related to an increased incidence of AF.

All our patients were included in a cardiology outpatient clinic. As a result, the
population we studied may not be representative of the general population. On the
other hand, PA-TDI is intended for patients with cardiovascular diseases. The
investigator who included the patients (RGT) is a general cardiologist with a special
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interest in electrophysiology. For that reason, one might hypothesize that this led to a
selection bias. On the other hand, all patients with a history of atrial arrhythmias, a
pacemaker or an implantable cardioverter-defibrillator were excluded from our study
and the patient characteristics of our population are representative of a general
cardiac outpatient clinic.

Finally, AF incidence was derived from partly symptom driven ECG and Holter
recordings. This may have led to an underestimation of the AF incidence, since a large
number of AF episodes are known to be asymptomatic.

CONCLUSIONS

The total atrial conduction time as determined by tissue Doppler imaging is a feasible,
non-invasive tool for the identification of patients with a substrate vulnerable for AF. A
long PA-TDI interval is associated with the development of new-onset AF. Therefore,
PA-TDI has the potential to become a valuable measure for risk stratification to enable
primary prevention of AF and its complications.

The exact cut-off values found in this study need to be confirmed in a second
study. Studying the role of PA-TDI to predict new-onset AF in a general population
would require a large number of patients and a long follow-up owing to the relatively
low incidence of AF in this group. Alternative study designs (a selected study group)
should result in a more feasible study.
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ABSTRACT

Aims: The total atrial conduction time (TACT) is an important electrophysiological
parameter. We developed a new transthoracic echocardiographic tool (PA-TDI). The
PA-TDI interval is a reflection of the TACT. In the present study, we evaluated the
clinical and echocardiographic correlates of intra-atrial conduction delay.
Methods and results: We studied 427 patients without class | anti-arrhythmic agents
or amiodarone. All patients underwent an echocardiogram and the PA-TDI interval was
measured. Patient characteristics were recorded. The mean PA-TDI was 157122 ms.
Multivariate linear regression analysis revealed that atrial fibrillation (AF) in history (B
= 9.7; 95%Cl| 5.7-13.8; P < 0.001), hypertension (B = 5.5; 95%Cl 1.4-9.8; P < 0.01),
clinically relevant valve disease (B = 5.7; 95%CI 0.5-10.8; P < 0.03), age (B = 5; 95%ClI
3.3-6.6; P < 0.001), and body mass index (BMI; B = 2.6; 95%Cl 0.3—4.9; P < 0.026) were
independently associated with the PA-TDI interval. On the echocardiogram: the aortic
diameter (B = 0.7; 95%Cl 0.2-1.2; P < 0.009), left atrial dimension (B = 0.9; 95%Cl 0.5—
1.3; P < 0.001), mitral valve E-wave deceleration time (B = 0.1; 95%Cl 0.1-0.1; P <
0.001), aortic incompetence (B = 13; 95%Cl 3.3— 22.6; P < 0.008), and mitral
incompetence (B = 11; 95%Cl 3.6—-17.5; P < 0.003) were independently associated with
the PA-TDI interval.

Conclusion: This study is the largest to investigate the relation between the atrial
conduction time, underlying heart diseases, and echocardiographic parameters. We
found that the PA-TDI was independently prolonged in patients with a history of AF,
hypertension, valve disease, higher age, and a higher BMI. Signs of diastolic
dysfunction, valve incompetence, and enlarged atrium or aortic root on the
echocardiogram were associated with a prolonged PA-TDI. This suggests that early and
aggressive treatment of hypertension, diastolic dysfunction, and obesity could prevent
intra-atrial conduction delay.
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INTRODUCTION

The total atrial conduction time (TACT) is an important electrophysiological parameter
that can be determined during an electrophysiological study.1 A delay of atrial
conduction is strongly associated with underlying diseases affecting the atria directly
or indirectly.” > Delayed conduction is one of the requirements for the initiation of
reentry and the development of atrial fibrillation (AF).° This implies that prevention or
amelioration of atrial conduction delay may prevent the development of atrial
arrhythmias such as AF. Indeed, previous studies suggest that the TACT may be a
useful target of therapy.7 ~ 1% We validated a novel non-invasive echocardiographic
technique using atrial tissue Doppler imaging (PA-TDI or atrial electromechanical
interval) that strongly correlates with TACT.® In previous studies, we showed that a
prolonged PA-TDI is the most important predictor of new-onset AF.™ Other
investigators confirmed our findings in different populations.”*** A prolonged PA-TDI
interval is also associated with recurrence of AF after catheter ablation.'” Knowing the
conditions that prolong the TACT is essential in order to develop therapies or
strategies for prevention of AF. However, the clinical determinants of a prolonged
TACT were never studied before in a large population. In this report, we used the
echocardiographic PA-TDI to study the clinical and echocardiographic correlates of
intra-atrial conduction delay in a large group of patients.

METHODS

Study population

We studied 522 outpatient clinic patients referred to the Maastricht University
Medical Centre for a standard transthoracic echocardiographic examination for various
medical conditions (including AF in 273 patients). Patients were included between
January 2003 and February 2007. Patients were enrolled if they were 18 years or older
and had sinus rhythm during the echocardiogram. Exclusion criteria were: previous
pacemaker implantation, an implantable cardioverter—defibrillator and the use of class
| anti-arrhythmic agents or amiodarone. The 249 patients without previous AF have
been reported in a separate paper on the role of PA-TDI in the prediction of AF.”

Echocardiographic examination

The echocardiographic examination consisted of a standard two-dimensional
echocardiogram, including M-mode and Doppler echocardiography (Sonos 5500,
Philips Medical Systems, Andover, MA, USA) during continuous electrocardiogram
(ECG) monitoring according to the recommendations as described in the American
Society of Echocardiography guidelines. Left atrial volume was obtained from the
single plane area-length of the apical four-chamber view, just prior to mitral valve
opening, and with the patient in the left-lateral decubitus position. Additionally, we
determined the PA-TDI interval.'* In the apical four chamber view, the pulsed-wave
tissue Doppler sample was placed on the lateral wall of the left atrium just above the
mitral annulus. The PA-TDI interval, defined as the time-interval from initiation of the
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electrocardiographic P-wave recorded by the echo machine (lead Il) to the peak of the
A’-wave of the atrial tissue Doppler tracing (Figure 1), was measured in three cardiac
cycles and averaged. The investigator who performed the echocardiographic
measurements (including PA-TDI interval) was an independent observer blinded for
other patient characteristics.

GARIN 78 COMP 39
15CM
B/B/E/HS
72BPM

FIGURE 1 — Example of PA-TDI measurement. PA-TDI is defined as the time interval between the onset of
electrocardiographic P wave in lead Il and the top of the A’-wave on the atrial tissue Doppler velocity curve
from the left atrial wall.

Data collection

Patient characteristics, including medication, (arrhythmia) history, and ECGs at the
time of echocardiography were collected. Data were derived from the patient charts
and electronic medical records. A diagnosis of AF in history was defined as a
documented episode of AF lasting 30 s or more. ‘Valve disease’ was defined as
clinically relevant valve disease at discretion of the treating physician. The study
complies with the Declaration of Helsinki. Patient informed consent was obtained and
the Institutional Review Board approved the study.

Statistical analysis

Continuous variables are presented as mean and standard deviation, categorical
variables as observed number of patients and percentages. We used an independent t-
test after performing Levene’s test for equality of variances to compare all continuous
variables. Categorical variables were tested with Fisher’s exact test. Tables 1 and 2
show the P values resulting from multiple uncorrected t-tests for continuous variables
and Fisher’s exact tests for categorical variables. This allowed us to identify parameters
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to feed into the linear regression analysis. Therefore, these tables are not presenting
the ultimate results of the analysis. All parameters with a P value <0.1 resulting from
the univariate comparisons in Tables 1 and 2 were included in the linear regression
models presented in Table 3. We did not include medication in the multivariate
analysis presented in Table 3 since it is a reflection of the underlying diseases already
included in the model. Model reduction was performed by stepwise exclusion of
variables from the model with a P value <0.1. For all continuous variables in the final
regression analysis model, we determined their correlation with PA-TDI using
Pearson’s correlation test.

Statistical analysis was performed with SPSS statistical software (SPSS Inc.
release 16.0) and statistical significance was assumed for P < 0.05. All tests performed
were two sided.

RESULTS

From the initial population of 522 patients, 95 patients were excluded because of use
of conduction slowing class | antiarrhythmic agents or amiodarone leaving a final study
population of 427. The mean PA-TDI was 157422 ms. The shortest PA-TDI interval we
measured was 103 ms and longest was 230 ms.

TABLE 1 - Baseline characteristics in relation to the mean PA-TDI duration in our population

PA-TDI <157 ms PA-TDI =157 ms P value
(n =222) (n =205)
Age (years) 60+13 67+11 <0.001
Female, n (%) 121 (45) 97 (47) 0.147
Body mass index (kg/m’)° 27+4 28+4 0.081
Underlying risk factors and cardiovascular disease
AF in history, n (%) 74 (33) 114 (55) <0.001
Hypertension, n (%) 122 (55) 132 (64) 0.049
Coronary artery disease, n (%) 22 (10) 34 (17) 0.045
Diabetes Mellitus, n (%) 29 (13) 22 (11) 0.551
Valve disease, n (%) 30 (14) 50 (24) 0.004
Heart failure, n (%) 14 (6) 20 (10) 0.213
Thyroid disease, n (%) 15(7) 12 (6) 0.843
Chronic obstructive pulmonary disease, n (%) 14 (6) 15(7) 0.704
Medication
Oral anticoagulation, n (%) 39 (18) 85 (42) <0.001
Aspirin, n (%) 70 (32) 42 (21) 0.011
Beta-blocker, n (%) 63 (28) 104 (51) <0.001
Sotalol, n (%) 28 (13) 40 (20) 0.064
Verapamil, n (%) 18 (8) 19 (9) 0.732
Digitalis, n (%) 10 (5) 14 (7) 0.401
Nitrates, n (%) 8 (4) 22 (11) 0.004
Angiotensin-Il receptor blocker, n (%) 37 (17) 61 (30) 0.002
Diuretics, n (%) 33 (15) 56 (27) 0.907
Statins, n (%) 64 (29) 54 (26) 0.589
Alpha-blocker, n (%) 7 (3) 5(3) 0.774
Dihydropyridin calcium channel blocker, n (%) 27 (12) 36 (18) 0.133

Average (standard deviation).
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Baseline characteristics of all patients in relation to the mean PA-TDI interval
in our population are shown in Table 1. Patients with a prolonged PA-TDI duration
(>157 ms) were older and more often suffered from AF, hypertension, coronary artery
disease, clinically relevant valve disease, and more often used oral anticoagulation,
beta-blockers, nitrates, angiotensin converting enzyme (ACE)-inhibitors and diuretics.
Patients with a shorter PA-TDI interval used more aspirin. Figure 2 shows the mean PA-
TDI interval according to age in tertiles and hypertension in patients with and without
AF. A history of AF was present in 188 (44%) patients. Atrial fibrillation was paroxysmal
and self-terminating in 162 (88%) patients and persistent and previously terminated by
electrical or chemical cardioversion in 21 (12%) patients.

Echocardiographic differences according to PA-TDI duration are shown in
Table 2. Patients with a longer PA-TDI interval have an increased aortic width,
increased atrial dimensions, and a larger and thicker left ventricle. The E-wave
deceleration slope is decreased and the E-wave deceleration time is increased in the
patients with a longer PA-TDI interval. Patients with a prolonged PA-TDI interval had
more aortic valve incompetence and mitral valve incompetence.

TABLE 2 — Echocardiographic parameters in relation to the mean PA-TDI duration in our population

PA-TDI <157 ms PA-TDI =157 ms P value
(n=222) (n =205)

Dimensions
Aorta diameter (mm) 33.6+4 35.1+4 <0.001
Left atrial dimension (mm) 39+5 42+5 <0.001
Left atrial volume (cc) 51+20 57 +25 0.012
Right atrial volume (cc) 42 +14 46 + 16 0.049
Left ventricular end diastolic dimension (mm) 48+5 50+5 <0.001
Left ventricular end systolic dimension (mm) 32+6 34+6 0.002
Inter-ventricular septum width (mm) 9.1+1.1 9.9+5.8 0.025
Posterior wall width (mm) 8.7+0.9 9.1+1.1 0.002
Left ventricular mass (g) 185+ 44 209 + 54 <0.001
Left ventricular end diastolic volume (cc) 109 + 28 120+ 35 0.001
Left ventricular end systolic volume (cc) 42 +21 49 +27 0.006
Caval vein (mm) 17+4 17+4 0.256
Right ventricular systolic pressure (mmHg) 306 32+8 0.182
Left ventricular ejection fraction 61+9 60+9 0.072
Mitral valve Doppler
Maximal E-wave velocity (cm/s) 75+17 73+20 0.292
E-wave deceleration slope (m/s?) 396 + 145 355+ 157 0.006
E-wave deceleration time (ms) 196 + 44 218 + 62 <0.001
Maximal A-wave velocity (cm/s) 76 £ 20 75+21 0.462
E/A ratio 1.04+0.4 1.06 + 0.6 0.603
Valve disease
Aortic incompetence (> grade 1) 4 (2%) 18 (9%) 0.002
Mitral incompetence (> grade 1) 9 (4%) 28 (14%) <0.001
Tricuspid incompetence (> grade 1) 14 (6%) 17 (8%) 0.460
Mitral valve stenosis 0 2 (1%) 0.230
Aortic stenosis 8 (4%) 8 (4%) 1.000
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FIGURE 2 - Clinical parameters affecting the PA-TDI interval. Mean PA-TDI interval + standard deviation
according to age in tertiles and hypertensive (black bars) versus non-hypertensive patients (grey bars). The
upper panel shows patients without a history of atrial fibrillation and the lower panel patients with a history
of atrial fibrillation.
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Figure 3 shows the mean PA-TDI interval according to mitral valve E-wave deceleration
time and left atrial dimension.

Multivariable linear regression analysis revealed that AF in history,
hypertension, clinically relevant valve disease, age, and BMI were independently
associated with the PA-TDI interval (Table 3). When excluding patients with AF in
history, hypertension (B = 10, P < 0.001), age (B = 5 per 10 years increase of age, P <
0.001), and BMI (B = 4 per 5 points increase of BMI, P < 0.011) remained significantly
associated with a prolonged PA-TDI interval.

Regarding the echocardiographic parameters: the aortic diameter, left atrial
dimension, mitral valve E-wave deceleration time, aortic incompetence, and mitral
incompetence were independently associated with the PA-TDI interval in our
population (Table 3). When excluding patients with a history of AF, the clinical
parameters hypertension, age and BMI remained independently associated with the
PA-TDI interval. The echocardiographic parameters aorta diameter, left atrial
dimension, aortic incompetence, and mitral valve E-wave deceleration time remained
independently associated with PA-TDI interval when performing multivariate linear
regression analysis in patients without a history of AF.

TABLE 3 - Multivariate linear regression analysis: clinical and echocardiographic parameters that
independently prolong the PA-TDI interval and correlation coefficients of all continuous variables resulting
from the correlation with PA-TDI

2

B (ms) 95%Cl for (B) P value R P value
Demographic and clinical parameters
AF in history 9.7 5.7-13.8 <0.001
Hypertension 5.5 1.4-9.8 0.010
Valve disease 5.7 0.5-10.8 0.030
Age (per 10 years) 5 3.3-6.6 <0.001 0.34 <0.001
BMI (per 5 kg/m?) 2.6 0.3-4.9 0.026 0.13 0.008
Echocardiographic parameters
Aorta diameter (mm) 0.7 0.2-1.2 0.009 0.22 <0.001
Left atrial dimension (per mm) 0.9 0.5-1.3 <0.001 0.34 <0.001
Aortic incompetence (> grade 1) 13 3.3-226 0.008
Mitral incompetence (> grade 1) 11 3.6-17.5 0.003
Mitral valve E-wave dec. time (per ms) 0.076 0.039-0.113 <0.001 0.25 <0.001
DISCUSSION

The present study is the largest to investigate the relationship between PA-TDI,
underlying cardiovascular diseases and echocardiographic parameters. We used the
PA-TDI interval—a relatively new echocardiographic parameter’'—to estimate the
TACT.

Clinical correlates of intra-atrial conduction delay

In this study, PA-TDI was independently prolonged in patients with a history of AF,
hypertension, clinically relevant valve disease, higher age, and a higher BMI. We found
that after correcting for possible confounders, a history of AF increases PA-TDI by ~10
ms, a history of hypertension by 5 ms and clinically relevant valve disease by 6 ms.
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Each additional 10 years of age increases PA-TDI with ~5 ms and each additional 5
kg/m2 of BMI increases PA-TDI with 3 ms. The strong association between prolonged
atrial conduction time and AF is not surprising since on one hand long conduction
times are a prerequisite for the development of AF and on the other hand, AF itself
may induce remodelling and hence contribute to lengthening of conduction through
the atria.>*® As has been suggested previously, prevention of AF may ameliorate atrial
structural remodelling and prevent further AF episodes. Since it is unlikely that
available therapies reduce atrial conduction time, preventive therapy might focus
especially on suppression of AF in the subset with still normal conduction. Ageing is a
recognized determinant of atrial size and fibrosis but unfortunately non-modifiable
with respect to prevention of conduction abnormalities. Hypertension and valve
disease are associated with diastolic dysfunction inducing intermittent pressure rises
and dilatation of the atria and hence atrial fibrosis."”*® In turn, this prolongs the TACT
because of ‘detour conduction’ in larger atria. Although BMI relates to hypertension
we showed an independent impact on TACT. From our data we cannot tell whether
high BMI affected an increase in TACT through obstructive sleep apnoea, which was
recently described as being associated with atrial conduction slowing.2 On the other
hand, the pericardial fat that overlies the cardiac surface including the inter- and intra-
atrial conduction system might be responsible for atrial conduction delays. Recent
studies demonstrate a relation between pericardial fat and atrial conduction delay.19
Reducing body weight may ameliorate the atrial conduction time. Indeed, the effect of
a high BMI on atrial conduction is likely to be reversible since obesity studies
demonstrate that substantial weight loss is associated with improvement in atrial
repolarization abnormalities on the ECG in obese subjects.20 Patients with a prolonged
PA-TDI interval more often used oral anticoagulation, beta-blockers, nitrates, ACE-
inhibitors, and diuretics. It is difficult to interpret the relation between PA-TDI and the
use of medication in the present study. The univariate analysis showed that in patients
with a long PA-TDI interval AF, hypertension, and coronary artery disease occurred
more frequently. Oral anticoagulation is typically prescribed in patients with AF, beta-
blockers in patients with coronary artery but also in patients with hypertension and AF,
nitrates are frequently applied in patients with coronary artery disease, and ACE-
inhibitors and diuretics are usually prescribed in patients with hypertension. Therefore,
one could hypothesize that the differences found in medication use according to the
length of the PA-TDI interval are the result of underlying heart disease. On the other
hand, one could imagine that some medication directly influences the PA-TDI interval.
Unfortunately, the present study does not provide an answer to this question.

Echocardiographic correlates of intra-atrial conduction delay

We also investigated that echocardiographic parameters were associated with PA-TDI.
We found that increased left atrium (LA) dimension, increased aortic diameter, aortic,
and mitral valve incompetence and a longer E-wave deceleration time are
independently associated with a prolonged PA-TDI interval. The latter probably reflects
mild diastolic dysfunction since it might be a sign of an impaired relaxation of the left
ventricle. However, other parameters necessary to confirm this finding such as the
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pulmonary vein flow and E/e’ were not available in all patients. However, smaller
studies using the signal averaged ECG to assess atrial conduction also demonstrate
increased left atrial pressure and impaired LV relaxation in patients with delayed atrial
conduction.” The increased aortic diameter could be a reflection of the presence of
aortic incompetence. However, our data show an independent relation between aortic
diameter and PA-TDI. Another explanation could be inadequate management of
hypertension. Since hypertension in history is also one of the clinical parameters,
which was independently associated with a delay of the PA-TDI interval in this study,
lowering the blood pressure is probably crucial to prevent prolongation of the TACT.
An increased LA dimension could be the reflection of intermittent left atrial pressure
rises typically seen in diastolic left ventricular dysfunction.22

Future perspectives

Since recent studies suggest that a prolonged PA-TDI is associated with the
development of new-onset AF and poor outcome of rhythm control,"®*~*® one could
hypothesize that reducing the duration of PA-TDI (or preventing its lengthening)
improves primary and secondary prevention of AF. Our study suggests that early and
aggressive treatment of hypertension, diastolic dysfunction, and obesity could prevent
an increased PA-TDI. This was also suggested in smaller clinical studies.” In addition,
recent laboratory studies affirm that upstream therapy might enhance atrial
conduction by reducing atrial fibrosis.”?> PA-TDI could be used to select appropriate
candidates for upstream therapy and evaluating its effect.

LIMITATIONS

The PA-TDI interval overestimates the total atrial activation time since it includes both
the time required for the propagation of impulses from the sinus node area to the left
atrium and the time required for the electromechanical coupling in the left atrium.
Furthermore, there seems to be a minor delay in ECG processing on all echo machines.
In our study, this delay amounts to a maximum of 5 ms (unpublished technical
information by Philips Medical Systems, Andover, MA, USA). Fortunately, this delay is
consistent and therefore unlikely to have affected our results. Some of the parameters
in Table 2 showed only a small difference but still a significant univariate P value, which
may relate to the large sample size. Obviously, these differences may be of limited
clinical relevance because they were at times smaller than the error in individual
measurements. However, it should be noted that Tables 1 and 2 concerned univariate
analyses used to identify parameters to feed the regression analysis. All our patients
were included in a cardiology outpatient clinic. As a result, the population we studied
may not be representative of the general population. On the other hand, PA-TDI is
intended for patients with cardiovascular diseases. The investigator who included the
patients (R.G.T.) is a general cardiologist with a special interest in electrophysiology.
For that reason, many patients included in the present study had a history of AF.
However, we verified our main findings in a group of patients excluding those with a
history of AF and found similar results.
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CONCLUSIONS

The present study is the largest clinical study to investigate the relation between the
atrial conduction times, underlying heart diseases, and echocardiographic parameters.
We found that PA-TDI was prolonged in patients with a history of AF, hypertension,
clinically relevant valve disease, higher age, and a higher BMI. On the echocardiogram,
a larger left atrium, a larger aortic diameter, a longer E-wave deceleration time, and
aortic and mitral incompetence were also associated with a prolonged PA-TDI interval.
Since recent studies suggest that atrial conduction delay is associated with the
development of new-onset AF and poor outcome of rhythm control, one could
hypothesize that reducing atrial conduction time (or preventing its lengthening)
improves primary and secondary prevention of AF. Based on our results, one could
hypothesize that early and aggressive treatment of hypertension, diastolic dysfunction,
and obesity could prevent atrial conduction delay.
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EDITORIAL

As one of the four cardiac pumps, the left atrium abides by the natural properties of
myocardial function, i.e. electrical stimulation, irrespective of the conduction pattern,
followed by mechanical muscle contraction then stroke volume ejection. While failure
of native ventricular electrical stimulation is not compatible with life, that of the
atrium is tolerable and many patients may live a completely normal life in atrial
fibrillation. In fact, recent evidence supports the notion that rate-controlled atrial
fibrillation has a clinical outcome similar to the rhythm-controlled one." Patients with
severe left ventricular disease, however, may respond differently and develop fast
worsening symptoms with atrial fibrillation, because of the loss of the component of
stroke volume pumped by the left atrium.

Full understanding of left atrial function requires critical appreciation of its
detailed anatomy as well as myocardial fiber architecture. Anatomically, the left atrium
is the functional opponent tothe left ventricle, with reciprocal shortening and
lengthening relationship between the two. The dominant myocardial fibers of the left
atrium are longitudinally orientated, originating from the back of the atrium and
inserting around the circumference of the mitral annulus. A smaller group of fibers run
transversely around the base of the left atrium, although not covering its full
circumference.” Thus, the main axis of the left atrial cavity shortening is longitudinal
with the mitral annulus moving back towards the rear of the atrium after the P-wave
and during the PR interval and returning to its resting position at the time of the first
heart sound, marking end-diastole. It is worth mentioning that not only does this
pattern of function mirror that of the left ventricle, although in the opposite direction,
but the atrium also does notfunction in isolation of the ventricle. Myocardial
development studies have shown close relationship between age-related changes in
the function of the atrium and the ventricle which themselves are closely related. As
left ventricular lengthening velocities reduce with age, those of left atrial shortening
reciprocally increase in order to secure normal stroke volume entering the left
ventricle.® Conventional measurements of the left atrial size rely on longitudinal and
transverse diameters as well as its area measurements. Segmental left atrial
myocardial function is easily assessed from the longitudinal motion amplitude and
velocity of the lateral, septal, and posterior segments as shown by the mitral annulus
excursion during atrial systole. This is easily achieved using tissue Doppler or speckle
tracking techniques. The amplitude of left atrial longitudinal motion is also assessed by
the same techniques or by conventional M-mode.

Similar to the left ventricle, the main determinant of left atrial contractile
function is its intrinsic myocardial function, which has its well-established maturation
course, between fetal life and adolescence.® As the atrium gets large in size due to
various pathologies, with the commonest secondary to left ventricular and valve
diseases, its overall contractile function falls and eventually pump failure and atrial
fibrillation. Even in patients with paroxysmal atrial fibrillation and only small increase
in atrial size we have shown significant reduction in segmental left atrial function
particularly in areas adjacent to the pulmonary veins.” Critical investigation of atrial
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function shows that such pathophysiological course is not that simple. We and others
have previously shown that atrial flutter and fibrillation are commonly preceded by
progressive prolongation of P-wave duration which itself proved a good predictor for
the occurrence of atrial arrhythmias.G’7 This is explained on the basis of progressive
atrial enlargement and myocardial stretching, which increase its surface area and
hence the prolonged depolarization time. Such behavior is similar to that occurring in
dilated left ventricles with prolonged depolarization time and broad QRS duration.

Another important component of left atrial function is its
electromechanical delay, similar to that seen in the left ventricle. This can easily be
studied by the same Doppler echocardiographic techniques mentioned above and left
atrial motion measured with reference to the onset of its electrical depolarization,
the P-wave. Studies have used the onset of segmental left atrial shortening (excursion)
or peak shortening velocity as two possible landmarks for electromechanical delay.
Normal values for the two measurements have been determined and well
documented. Normally, the three left atrial segments shorten in a synchronous fashion
with no more than few milliseconds time difference between them, again a finding
similar to that seen in the left ventricle. We have previously shown that such
measurement is significantly abnormal and its relationship with that of the right
atriumis disturbed in patients who develop atrial flutter.® Furthermore, within the
same atrium there is emerging evidence suggesting the presence of segmental left
atrial dyssynchrony in patients with right heart disease, with some segments
contracting significantly later than the others (unpublished data from Umea University)
in response to the increase in right atrial pressures. Although left atrial contractile
contribution to the stroke volume is relative to its wall thickness, it remains functioning
as a pump with a need to behave in a satisfactory synchronous manner.

In this issue Weijs B et al.’ report an interesting measure of delayed atrial
contraction as shown by the time interval between the onset of the P-wave and peak
atrial systolic velocity. Interestingly, the authors report a number of clinical findings
predicted by such measure, namely history of atrial fibrillation, hypertension, relevant
valve disease, age, and body mass index. In addition, echocardiographic evidence of
dilated aortic diameter, left atrial dimension, E-wave deceleration time, and aortic and
mitral regurgitation were also independently associated with prolonged intra-
atrial conduction. It seems that most of those conditions and functional disturbances
result in various degrees of raised left atrial pressure. Age and long-standing
hypertension are associated with the development of stiff left ventricle and raised left
atrial pressure, a known substrate for atrial fibrillation. This can clearly be manifested
in the form of short E-wave deceleration time, which reflects raised left ventricular
end-diastolic pressure. Significant mitral and aortic valve disease, as mentioned above
increase the overload on the left ventricle, again resulting into a similar pattern of
pathophysiology, and increased left atrial pressure. Finally, aortic dilatation seems to
represent an external left atrial wall stress which destabilizes its function and hence
atrial arrhythmia, although this finding is not well documented in the literature. The
reported index seems to reflect atrial electromechanical delay in a very simple and
feasible way. The onset of the P-wave is easily measured on the superimposed
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electrocardiogram and the peak atrial shortening velocity should adequately be
obtained by tissue Doppler or speckle tracking techniques, making such measure highly
reproducible. Finally, to the clear scientific mind such an index of
atrial electromechanical delay should be seen to encompass the prolonged P-wave as a
reflection of delayed atrial depolarization in addition to the pure delay in the atrial
mechanical function, if it exists.
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To the Editor:

Atrial fibrillation (AF) derives from a complex continuum of predisposing factors.
However, the true ‘scene of calamity’ is the atrium. Increased left atrial (LA) size is
associated with increased risk of AF onset and recurrence, other cardiovascular disease
and mortality.” > Both atrial conduction slowing and atrial dilatation will favour AF as it
results in increased total atrial conduction time, which is the time elapsed between the
initiation of atrial depolarisation and the last depolarisation of the same activation
front.> A prolonged total atrial conduction time may reflect the electro-anatomical
substrate for AF since it is associated with underlying cardiovascular disease and
age.[4] It can be easily and non-invasively determined by means of transthoracic
echocardiography assessing the electromechanical PA interval with tissue Doppler
imaging (PA-TDI).” Idiopathic AF refers to AF in the absence of a cardiovascular or
pulmonary disease generating the pathophysiological substrate for the arrhythmia.
Herein, we study the electrophysiologic properties of the atria in patients with
idiopathic AF using tissue Doppler imaging.

We prospectively studied 41 consecutive idiopathic AF patients and 45
healthy sinus rhythm control patients who were referred to the outpatient clinic for a
standard transthoracic echocardiographic examination. Informed consent of all
patients was obtained and the authors of this manuscript have certified that they
comply with the Principles of Ethical Publishing in the International Journal of
Cardiology.’
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FIGURE 1 - Example of PA-TDI measurement. PA-TDI is defined as the time interval between the onset of
electrocardiographic P wave in lead Il and the top of the A’-wave on the atrial tissue Doppler velocity curve
from the lateral wall of the left atrium.
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Idiopathic AF and healthy sinus rhythm was strictly defined as the absence of any
cardiovascular disease including hypertension (no antihypertensive drug use [diuretics,
angiotensin converting enzyme inhibitors, aldosterone receptor blockers, aldosterone
receptor antagonists, non-dihydropyridine calcium antagonists, other], all previously
recorded systolic blood pressures not exceeding 140 mmHg, diastolic blood pressures
not exceeding 90 mmHg and absence of left ventricular hypertrophy (interventricular
septum width > 10 mm, posterior wall width > 10 mm)), diabetes (fasting blood
glucose > 7.0 mmol/L), or hypercholesterolemia (total fasting cholesterol > 6.4 mmol/L
and no statin use). In addition, no coronary artery disease (i.e. absence of typical
exercise-related angina pectoris, an exercise stress test with significant ST-segment
depression, previous acute coronary syndrome, percutaneous or surgical coronary
revascularization, or previous angiographically documented coronary disease), no
peripheral vascular disease, no congestive heart failure (no clinical signs or symptoms,
left ventricular ejection fraction > 50%, normal diastolic function parameters), no
previous stroke, no thyroid or pulmonary disease, no significant renal dysfunction
(estimated MDRD glomerular filtration rate <60 ml/min), no malignancy, and no
evidence for structural cardiovascular disease on echocardiography including valvular
heart disease.

The echocardiographic examination consisted of a standard 2-dimensional
echocardiogram, including M-mode and Doppler echocardiography (Sonos 5500,
Philips Medical Systems, Andover, Mass) during continuous electrocardiogram (ECG)
monitoring according to the recommendations as described in the American Society of
Echocardiography guidelines. Additionally, we determined the total atrial conduction
time by means of PA-TDI as described in figure 1.> PA-TDI was measured in three
cardiac cycles and averaged.

Baseline characteristics, electrocardiographic and standard echocardiographic
parameters were equal in AF cases and controls. Particularly, mean + SD age (5610 vs.
53+12 years, p=0.465), body mass index (26+4 vs. 27+4 kg/m’, p=0.348), surface
electrocardiographic P-wave duration (88120 vs. 86+17 ms, p=0.521) and LA diameter
(3945 vs. 38+4 mm, p=0.256) did not differ between AF patients and controls. AF
duration showed only a limited correlation to LA size (spearman’s correlation
coefficient: 0.365, p=0.024) while LA size showed a limited correlation with PA-TDI
(spearman’s correlation coefficient: 0.439, p<0.001). However, PA-TDI interval was
significantly increased in patients with idiopathic AF compared to controls (15719 vs.
141415 ms, p<0.001). (Figure 2) After adjustment for those parameters showing a
significant univariate relation with AF (PA-TDI, P=0.006; Aorta diameter, P=0.055), and
those representing a plausible mechanism in terms of increased atrial conduction time
(age, P=0.465; sex, P=0.194; LA diameter, P=0.256), PA-TDI (per 10 ms increase)
remained the sole independent parameter for the presence of idiopathic AF (P=0.024,
odds ratio 1.432, 95% confidence interval: 1.049-1.955).

In this study, left atrial sizes were equal between patients with and without AF.
It is remarkable that despite the healthy nature of the subjects and comparable atrial
sizes, total atrial conduction time - as measured by means of tissue Doppler imaging -
is significantly prolonged in patients with idiopathic AF compared to matched sinus
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rhythm controls. Obviously, this may relate to the fact that AF itself leads to electrical
and structural remodelling.”® However, the present study showed only a limited
correlation between AF duration and LA size. Apart from previous episodes of AF, the
increased atrial conduction time could therefore also be an expression of as yet
undetected underlying heart disease. Given that AF could be a first manifestation of
preclinical underlying cardiovascular disease, high priority should be given to robustly
try to rule out concealed cardiovascular disease in patients who present with
apparently idiopathic AF. PA-TDI could be a valuable tool to trace electrophysiological
changes in the atria as potentially caused by concealed cardiovascular disease.

200
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Mean PA-TDI interval (ms)

100 T T
Sinus rhythm Atrial fibrillation

FIGURE 2 - Boxplot showing mean PA-TDI interval in healthy sinus rhythm control patients compared to
idiopathic atrial fibrillation patients (p<0.001).
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ABSTRACT

Aims: An age of 60 years is often used as cut off for the diagnosis of idiopathic atrial
fibrillation (AF). We investigated the importance of age and atrial size in patients with
idiopathic AF and AF patients with isolated hypertension.

Methods: Out of 3,978 AF patients in the Euro Heart Survey on AF with known follow-
up, 119 (3%) patients had idiopathic AF. We disregarded age and atrial size when
selecting idiopathic AF patients since the atria may enlarge by AF itself. For comparison
we selected 152 patients with isolated hypertension from the database.

Results: A total of 57 (48%) of the patients were older than 60 years. Persistent or
permanent AF was more prevalent in the older idiopathic AF patients (34% in the
age<60 vs. 66% in the age>60 years group, p=0.002) but mean duration of known AF
did not differ between these groups (310 days (IQR 60-1827) versus 430 days (IQR 88-
1669), p=0.824). Left atrial size did not differ significantly in relation to age (1.50 + 0.29
mm/kg/m” in the age<60 vs. 1.56 + 0.31 mm/kg/m’ in the age >60 years group,
p=0.742). Only 2 paroxysmal AF patients progressed to permanent AF. No
cardiovascular events occurred during 1-year follow-up. In contrast, strokes occurred
in 5 patients (6%) with isolated hypertension despite similar clinical profile and
comparable atrial size as idiopathic AF patients.

Conclusion: Idiopathic AF may present at advanced age and is even then not
associated with significant atrial enlargement, AF progression or an adverse short-term
prognosis. In contrast, elevated blood pressure even when found in the absence of
significant atrial remodelling, seems of prognostic importance.
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INTRODUCTION

Idiopathic atrial fibrillation (AF) refers to AF in the absence of a clinically relevant
pathophysiological substrate for the arrhythmia. Data regarding the development,
treatment and prognosis of idiopathic AF are only sparsely available. Its reported
prevalence varies widely between 2 and 30% which relates to ambiguous definitions
specifically with regard to age and underlying cardiopulmonary disease, including left
atrial (LA) size."® An age of 60 years has been suggested as a cut off for the diagnosis
of idiopathic AF, but most studies included also patients above 60 years since this age
limit is considered arbitrary.” Similarly, atrial enlargement was usually not taken as an
exclusion criterion probably because the atria may enlarge due to AF itself. &9 Also cut
off values for blood pressure are used variably.l’6 Taken together, these observations
suggest that the clinical definition of idiopathic AF needs some revision.

In the present study we investigated the importance of age and, secondary,
atrial size in patients with idiopathic AF and AF patients with isolated hypertension.

METHODS

Study population

We used the large population database of the prospective Euro Heart Survey (EHS) on
AF, with data collected between 2003 and 2005. A detailed study outline of the Euro
Heart Survey on AF at baseline and follow-up assessment has been previously
described.™® ! In summary, 5,333 ambulatory and hospitalized AF patients from 182
university, non-university, and specialized hospitals among 35 member countries of
the European Society of Cardiology were enrolled. Patients had to be 18 years or older
and have an ECG or Holter proven diagnosis of AF during the qualifying admission or in
the preceding year. A one year follow-up assessment (completed in 3.978 patients)
was performed to determine survival and major adverse cardiovascular events
(cardiovascular death, stroke, transient ischemic attack, other thromboembolism,
coronary artery disease, myocardial infarction or major bleeding). Medical records and
medical information systems were used to populate the dataset.

Idiopathic AF was strictly defined as AF in the absence of any cardiovascular
disease or comorbidities. Thus we excluded patients with a history of hypertension
(defined as antihypertensive drug use [diuretics, angiotensin-converting enzyme
inhibitors, angiotensin Il receptor antagonists, aldosterone receptor antagonists,
dihydropyridine calcium-channel blockers], or a systolic blood pressure 2140 mmHg, or
a diastolic blood pressure 290 mmHg on the qualifying visit, or left ventricular
hypertrophy [interventricular septum width > 10 mm, posterior wall width > 10 mm]),
history of diabetes (fasting blood glucose > 7.0 mmol/L), or hypercholesterolemia
(total fasting cholesterol > 6.4 mmol/L). In addition, patients had no history of
coronary artery disease (i.e. typical exercise-related angina pectoris, an exercise stress
test with significant ST-segment depression, previous acute coronary syndrome,
percutaneous or surgical coronary revascularization, or previous angiographically
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documented coronary disease), peripheral vascular disease, congestive heart failure
(or left ventricular ejection fraction <50%), previous stroke, thyroid or pulmonary
disease, significant renal dysfunction (estimated glomerular filtration rate <60 ml/min),
malignancy, or echocardiographic evidence of structural cardiovascular disease
including valvular heart disease. Given the aim of our study we did not consider age as
an exclusion criterion. In addition, we disregarded enlarged atria on echocardiography
when selecting patients from the database since the atria may enlarge by AF itself.

Paroxysmal AF is defined as recurrent short-lasting episodes (less than 7 days,
but usually within 48 hours), which will terminate spontaneously. Persistent AF is
defined as long-lasting episodes (>7 days), which require termination, by cardioversion
(with drugs or by direct current cardioversion). Permanent AF is defined as continuous
presence of AF, accepted by the patient (and physician).2

The echocardiographic examination consisted of a standard 2-dimensional
echocardiogram, including M-mode and Doppler echocardiography during continuous
electrocardiogram monitoring according to the recommendations as described in the
American Society of Echocardiography guidelines. Left atrial diameter was measured
using M-mode or two-dimensional echocardiography, from the posterior aortic wall to
the posterior left atrial wall, in the parasternal long-axis view at the end-ventricular
systole and with the patient in the left-lateral decubitus position.12

For comparison of clinical characteristics and 1 year outcome, we selected all
patients from the Euro Heart Survey on AF database with isolated systemic
hypertension (diagnosis of hypertension, or antihypertensive drug use) of all ages and
LA sizes, but without other demonstrable structural heart disease, thus excluding left
ventricular hypertrophy and any of the other disease states mentioned above.

Statistical analysis
Continuous variables are expressed as mean * standard deviation and categorical
variables as observed number and percentage. Differences between groups for
normally distributed continuous variables were tested using the independent sample t
test. Where continuous variables were not normally distributed, the Mann-Whitney
test was used. Categorical variables were tested using Fisher’s exact test.

Statistical analysis was performed with SPSS statistical software (SPSS, Inc.
release 18.0) and statistical significance was assumed for p<0.05.
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RESULTS

Of the 3,978 AF patients in the Euro Heart Survey on AF with known follow-up, 119
(3%) patients met our definition of idiopathic AF. The mean (SD) age was 58 (14) years
and the majority was male (72%). A total of 57 (48%) of the patients were older than
60 years. Baseline demographic and clinical characteristics of patients stratified for age
are presented in Table 1. Persistent or permanent AF was more prevalent in the older
compared to the younger idiopathic AF patients (n=16 (33%) vs. n=35 (66%), p=0.002,
respectively). The mean duration of known AF did not differ between these groups
(430 days (IQR 88-1669) versus 310 days (IQR 60-1827), p=0.824). (Figure 1)
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FIGURE 1 - Atrial fibrillation history according to age — No significant difference in total atrial fibrillation
history was seen either between patients younger and older than 60 years or in patients with paroxysmal or
persistent AF in both groups of patients with idiopathic atrial fibrillation or AF in presence of isolated
hypertension.

Mean LA size was not significantly different between the older and younger
idiopathic AF patients (42 = 6 vs. 39 + 4 mm, respectively; p=0.07). Also after
correction for body mass index there was no significant difference concerning left
atrial size (p=0.742). Mean LA sizes differed significantly when comparing patients with
paroxysmal (38 + 6 mm) and persistent (42 + 6 mm) AF (p=0.002). No significant age-
dependent difference was observed in either the persistent (42 + 4 in the age<60 vs.
42 + 6 mm in the age>60 years, p=0.777) or paroxysmal (37 £ 6 in the age<60 vs. 41 + 7
mm in the age>60 years, p=0.093) group. (Figure 2)
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TABLE 1 - Baseline characteristics and follow-up by age group in adults with idiopathic atrial fibrillation and
AF patients with isolated hypertension

Idiopathic atrial fibrillation

Atrial fibrillation with
isolated hypertension*

A(gne=;26)0 A(iig;;o P valuet A(gn(e:;zs)o /(\::1202? P valuet
Demographics
Female, n (%) 11 (18) 22 (38) 0.065 9(17) 43 (43) 0.002
Age 43+8 69+7 <0.001 51+8 69+7 <0.001
Body Mass Index (kg/m?) 26+3 274 0.395 28+4 28+4 0.578
Persistent or permanent AF 16/47 (34) 35/53 (66) 0.002 23/47 (49) 60/86 (70) 0.024
AF history (days), median (IQR) 310 (60-1827) 430 (88-1669) 0.824 |1099 (79-1679) 344 (20-1185) 0.179
AF symptoms, n (%) 35 (57) 38 (67) 0.266 40 (77) 67 (67) 0.262
Family history of AF, n (%) 5/51 (10) 1/53 (2) 0.109 2/46 (4) 5/91 (6) 1.0
SBP (mmHg) 127 £16 12912 0.057 139+20 144 + 20 0.114
DBP (mmHg) 78+9 78+8 0.807 88+11 85+11 0.077
eGFR 82+20 70+13 0.020 85+45 65+ 15 0.247
Echocardiography
Left atrial size (mm) 39+4 42+6 0.070 41+7 42+7 0.402
Left atrial size/BMI 1.50+0.29 1.56+0.31  0.742 1.54+0.53 1.55+0.32  0.247
Left ventricular EF (%) 62+7 64 +9 0.776 61+8 63+8 0.040
Medication
Vitamin K antagonists, n (%) 27 (44) 37 (65) 0.201 30(58) 64 (64) 0.593
Aspirin, n (%) 11 (18) 6 (10) 0.190 17 (33) 26 (26) 0.446
Rhythm control strategy, n (%) 47 (76) 38 (67) 0.067 28 (54) 48 (48) 0.494
Follow up
Hospital visits, n (%) 24 (39) 15 (26) 0.025 18 (35) 22(22) 0.07
AF related admissions 1.09+2.16 0.3+0.54 0.009 0.65+1.15 0.38+0.77 0.147
Progression PAF — PermAF, n (%) 1(2) 1(2) 1.0 0 1(1) 1.0
Stroke during Follow up, n (%) 0 0 1.0 1(2) 4 (4) 0.661

Data presented as mean * SD, unless otherwise specified.
* |solated hypertension is defined as: patients from the Euro Heart Survey on AF database with systemic
hypertension (diagnosis of hypertension, or anti-hypertensive drug use) of all ages and left atrial sizes, but
without other demonstrable structural heart disease, thus excluding left ventricular hypertrophy and any
of the other disease states mentioned in our definition for idiopathic AF (see methods section).
T P value for comparison between idiopathic AF groups
¥ P value for comparison between hypertension groups
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SBP: systolic blood pressure, DBP: diastolic blood pressure, eGFR: estimated glomerular filtration rate, EF:
left ventricular ejection fraction, PAF: paroxysmal atrial fibrillation, PermAF: permanent atrial fibrillation.

Rhythm control was frequently applied in both age groups. However, rhythm
control was slightly more often applied in the younger group compared to those aged
>60 (76% versus 67%; p=0.067) which related to a higher prevalence of AF symptoms

in the former group. This led to more hospital visits during follow-up in the
younger group (n=24 (39%) versus n=15 (26%); p=0.025). Despite the fact that all
patients had a low stroke risk, many received vitamin K antagonists (27 (44%), in the
age<60 vs. 37 (65%) in the age> 60 years group, p=0.201).

Only 2 paroxysmal AF patients progressed to permanent AF, and no
cardiovascular events occurred during one year follow-up.

A total of 152 (4%) patients suffered from isolated hypertension (Table 1).
Except for blood pressures, the clinical profile of these patients was similar to that of
idiopathic AF patients. AF history did not differ between age groups.(Figure 1) In
addition, the average LA size is normal and without significant differences between
age groups. (Figure 2) Only 1 patient showed progression to permanent AF. However,
five patients suffered a stroke (4 males; mean age: 63+6 years; mean LA size:
39+6mm), all in the absence of oral anticoagulation and no stroke occurred peri-
procedurally (cardioversion or ablation).
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FIGURE 2 - Left atrial size according to age — Left atrial size did not differ between younger and older

patients in both groups of patients with idiopathic atrial fibrillation or AF in presence of isolated
hypertension.
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DISCUSSION

The present study challenges the concept of using an age limit in defining idiopathic
AF. It shows that the clinical profile of older and younger patients is generally similar.
In particular, idiopathic AF may present at advanced age and is even then not
associated with significant atrial enlargement, AF progression or an adverse short-term
prognosis. However, if AF emerges at an older age there is a higher likelihood that it is
persistent. Although we allowed any age and any LA size, the prevalence of idiopathic
AF was only 3% in the Euro Heart Survey which is at the lower end of what has been
reported previously, probably relating to our otherwise very strict definition. Of note,
the total duration of AF did not differ between the young and the older idiopathic AF
patients, suggesting that biological age rather than calendar age is an important
determinant of the cardiovascular prognosis in idiopathic AF.

The importance of age in the definition of idiopathic atrial fibrillation

A biological basis for the age criterion in the definition of idiopathic AF is lacking. It
seems a convenient cut off with which one can avoid an incorrect diagnosis of
idiopathic AF as much as possible. The criterion typically stems from an era where
diagnostic tools such as echocardiography, CT-angiography and cardiac MR imaging
were unavailable or not yet robust. A key observation in our cohort is that idiopathic
AF may start at any age (figure 1). We would therefore hypothesize that in the healthy
elderly, late onset idiopathic AF may occur as in the younger patients, simply because
trigger mechanisms or substrate development (or both) can occur at a later age.

Indeed, in patients who are older than 60 years, AF is a risk factor for
cardiovascular events.” Besides, age is an independent predictor of AF progression on
the short and long term, as well as its complications.13 However, little is known about
the importance of ageing in idiopathic AF patients. In an Olmsted County cohort of 55
patients, Kopecky et al showed that idiopathic AF occurring at an older age was a risk
marker for a substantial increase in cardiovascular events.** However, the number of
patients in this cohort was small, cardiovascular risk factors were not reported,
echocardiography not performed systematically to exclude cardiac disease and
outcomes not adjusted for treatment. A later report from the same group suggested
that an increasing left atrial size rather than age is an important determinant of
cardiovascular risk."

Age seems related to type of AF since persistent AF was more frequent in the
older patients. It is possible that AF lasted - unknowingly - longer (and became
persistent) in the elderly patients since AF duration is not always easy to establish.
However, in most patients the duration of AF was reported and the older patients
were not significantly more asymptomatic when compared to the younger patients.
Notwithstanding the above, persistent AF was associated with a larger left atrial size
suggesting that a continuous and therefore higher AF burden leads to LA enlargement.
One may object that LA enlargement is the cause rather than the consequence of AF
being persistent but in the absence of any heart disease potentially causing an
increase in LA size, this is not the most probable scenario. As stated above, it may be
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that older patients with AF present later after its onset, and therefore have more atrial
remodelling than younger patients at the time of first detection. Taken together, a
likely mechanism for the higher prevalence of persistent AF among the older idiopathic
AF patients could be that elderly patients develop more readily atrial enlargement
after AF onset compared to younger patients, which in turn is associated with
persistent AF.

This therefore raises the question if age, apart from its general contribution to
morbidity and mortality, has an additional role in the “healthy” AF patients. As a
consequence, stroke risk assessment schemes may lose their predictive power in the
elderly with idiopathic AF since both the CHADS, and CHA,DS,-VASc scoring systems
apply to patients > 75 years of age and/or 65-74 years of age.2 However, idiopathic AF
patients may develop cardiovascular disease over time, especially the eIderIy.15 In the
above mentioned Olmsted County population, Osranek et al. showed that in the very
long term, approximately half of idiopathic AF patients initially younger than 60 years
develop cardiovascular events, and that the occurrence of these events was
associated with premature dilatation of the left atrium." This supports using LA size
rather than age when defining idiopathic AF and when assessing cardiovascular risk.

Left atrial size in idiopathic atrial fibrillation

Increased LA size is associated with increased risk of AF onset and recurrence, other
cardiovascular disease and mortality.” '® Analyses using volumetric atrial data in the
past suggest that atrial enlargement may not be part of the ‘normal’ ageing process
but may be the consequence of a greater burden of risk factors that accompanies
ageing.17 Furthermore, the arrhythmia itself is a main contributor of atrial remodeling,
characterized by atrial dilatation and shortening of the atrial effective refractory
period, and this process can be reversed by restoration of sinus rhythm.g’ %1819 of
note, current guidelines on the management of AF suggest a maximal atrial diameter
of 50 mm in the definition of idiopathic AF.” *° The present study indeed shows that if
one critically selects idiopathic AF it is very likely that the LA size rarely exceeds 50mm.
The present study therefore supports the notion that in a patient with seemingly lone
AF a significantly enlarged LA should trigger additional investigation of underlying
heart disease.

Blood pressure and absent structural heart disease

Isolated hypertension, i.e. without any other cardiovascular disease or ventricular
remodelling, seems of prognostic importance in the setting of AF since it was
associated with 6% 1-year stroke rate. Arterial hypertension is the most important
treatable cardiovascular risk factor for premature death, stroke, coronary heart
disease, kidney disease, and heart failure.” Even patients with so-called pre-
hypertension (SBP of 120-139 mmHg and DBP of 80-89mmHg) or patients with
increased visit-to-visit variability in systolic blood pressure are at increased risk of
developing cardiovascular disease compared with those with blood pressure levels less
than 120/80 mmHg.”*** In addition, arterial hypertension but also pre-hypertension
predisposes to AF, thereby promoting cerebral embolism.”
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Our results appear to confirm that hypertension in the absence of any other
detectable cardiovascular disease including absence of left ventricular hypertrophy is
an important driver of stroke in absence of anticoagulation. These findings emphasize
the importance of regular ambulatory blood pressure monitoring and adequate
treatment of early hypertension.”’ This holds even more since hypertension may
develop or become apparent in many patients not long after initial diagnosis of
idiopathic AF.”® All in all, it could be suggested that blood pressure may be more
important than age as a parameter in the definition of idiopathic AF.

Idiopathic atrial fibrillation definition in the future

AF occurs frequently, and the prevalence of AF only will get higher as the population
ages.2 As prevalence increases, so does the list of associated risk factors for AF. The
traditional risk factors associated with AF (i.e. age, hypertension, congestive heart
failure, valvular heart disease, coronary artery disease or thyroid disease) are no
longer the only conditions that we must consider in the evaluation of causal factors in
a patient with first detected AF.* 2% s this list of possible triggers for AF expands, it
seems almost impossible to diagnose a patient with AF in absence of any underlying
possible causal factor. Besides, new non-invasive diagnostic tools such as cardiac CT
angiography or cardiac MR imaging make it easier to detect cardiovascular disease in
its early stage.

AF is not a benign condition and its well known complications and increased
stroke risk form the major threat of the arrhythmia. Thus, it would be worthwhile to
study the clinical applicability of classifying AF patients on their individual risk profile
for the development of major adverse cardio- or cerebrovascular events more than we
do now. In this case, the term idiopathic AF could perhaps be changed into ‘low risk’
AF. Over time, risk factors for major cardiovascular events may develop, emphasizing
the importance of reassessment. On the basis of our results, it may be surmised that
stroke prevention can be enhanced in the elderly idiopathic AF patients by regular
assessment of LA size and blood pressure.

Notwithstanding the above, this study confirms that the cardiovascular
outcome in patients with idiopathic AF may be closer related to the “biological age” of
the cardiovascular system than to someone’s “calendar age”.

LIMITATIONS

We performed a subgroup analysis of the Euro Heart Survey on AF and as a result, our
data should be interpreted with care. The study result was obtained in a relatively
small and — by its nature — selected population and should be reproduced in other
cohorts. The follow-up duration was relatively short and we could not assess
development of risk factors or adverse events on the long term. Data on the higher
incidence of cardiovascular events in the hypertension group may have been
influenced by the above and should be interpreted with care. Further, although we
meticulously tried to rule out hypertension, specific cases of masked hypertension
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could be missed since 24 hour ambulatory blood pressure monitoring was not
available in the Euro Heart Survey. Parameters to calculate diastolic function, as
underlying aetiology of AF, were not measured in this cohort. However, absence of
significant left atrial enlargement is a valid surrogate measure for the absence of
increased left ventricular filling pressures in our population. Although comparable with
other studies, the prevalence of idiopathic AF according to our definition in the Euro
Heart Survey on AF is relatively low (3%). This reflects the strict definition we used to
robustly try to rule out underlying heart disease, especially with regards to
hypertension.

CONCLUSION

Idiopathic AF may present at advanced age in half of patients and is even then not
associated with significant atrial enlargement, AF progression or an adverse short term
prognosis. In contrast, elevated blood pressure even when found in the absence of
significant atrial remodelling and left ventricular hypertrophy, and in absence of
anticoagulation, seems of prognostic importance. Therefore, a cut off for blood
pressure rather than age should be used when defining idiopathic AF.
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EDITORIAL

The category of idiopathic, sometimes called ‘lone’, atrial fibrillation (AF) is a mythic
creature. A sort of ‘leftover’ category of ‘AF with no apparent explanation or
underlying etiology’, idiopathic, or lone AF is often a source of fascination and
frequently mentioned. Nevertheless, it is not an entity with a clear definition that is
widely acknowledged and accepted. There are several problems in trying to come up
with a suitable definition, particularly over different epochs of time. Even within
frequently used definitions there are variations, uncertainties, and inconsistencies.

It remains uncertain whether defining idiopathic AF is in itself a useful
exercise. It is noteworthy that the number of medical conditions, anthropometric
measures, and genotypes associated with AF and our diagnostic capabilities have all
increased dramatically over the last few decades. Thus, the task of defining idiopathic
AF seems much like that of the mythic Sisyphus, who endlessly rolled a rock to the top
of a hill in Hades only to have it return to the bottom, requiring him to start all over
again. Just when we have a definition of idiopathic AF with which we are content, a
new underlying etiology or a better diagnostic test for known underlying etiologies
comes along that requires starting all over again. As a consequence, the proportion of
cases of new-onset AF that truly have no explanation has become smaller and smaller
(3% in the present report') as time passes. One wonders whether this diagnosis will
disappear altogether at some point in the future. Nonetheless, in this issue of the
journal the definition of idiopathic AF is re-explored using patients enrolled in the Euro
Heart Survey on AF.!

It has frequently but not always been customary to include exclusion for age,
often age over 60 years, in the definition of idiopathic AF.? One presumed reason for
including such a provision in the definition is to exclude as yet unknown ‘causes’ or
silent underlying etiologies for AF that are, like AF, frequently found within the aging
process, given the strong relationship between age and incident AF.> Another reason
for excluding elderly patients is that frequently the definition of idiopathic AF is
applied retrospectively to a cohort after the data have already been collected.

The data set therefore may not include underlying etiologies that are actually
known to be associated with AF but were not included as data were being collected, as
the data set was not planned with this particular purpose in mind. Nevertheless, it is
certainly seems plausible that AF may emerge in patients older than 60 years without
any apparent ‘cause’ and in the absence of any of the known underlying etiologies for
AF. Furthermore, designating anyone older than 60 years as ‘elderly’ seems rather
quaint and outdated in the modern era. In the report of Weijs et al. it turns out that
about half of the patients in the Euro Heart Survey on AF who otherwise qualified for
the designation of idiopathic AF were older than 60 years.1 The age limit of 60 years
does seem excessively conservative in the modern era. It seems perfectly reasonable
to remove this particular age restriction from the definition of idiopathic AF. Whether
there should be absolutely no age restriction whatsoever is arguable, however.

What other problems of definition are to be considered with respect to
idiopathic AF? By far the most frequently encountered problems are found swirling
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around the apparent need to exclude a history of, or the presence of, hypertension
again because of the strong association between hypertension and AF.? The absence of
hypertension in 1971 is not the same as the absence of hypertension in 2011. The
definition of hypertension itself over the decades has been anything but constant. It is
arguable that a single pressure for all ages is a suitable criterion for exclusion of
hypertension. How many measurements of blood pressure must exceed the current
arbitrary pressure limit to make the diagnosis of hypertension is debatable.
Alternatively, how many blood pressures must be measured to exclude hypertension?
Is labile or ‘white coat’ hypertension the same as constant hypertension with respect
to pathogenesis of AF? The questions seem endless. Here again, the authors come up
against the limitations of the data available in the Euro Heart Survey on AF. The
definition for hypertension they chose seems reasonable enough: a history of
hypertension [defined as antihypertensive drug use (diuretics, angiotensin-converting
enzyme inhibitors, angiotensin |l receptor antagonists, aldosterone receptor
antagonists, dihydropyridine calcium-channel blockers) or a systolic blood pressure
2140 mmHg or a diastolic blood pressure 290 mmHg on the qualifying visit, or left
ventricular hypertrophy interventricular septum width .10 mm, posterior wall width
.10 mm].1 However, can we be sure that all hypertensives have been excluded with
this definition? | think probably not. It is interesting that part of their definition of
hypertension was the echocardiographic finding of left ventricular hypertrophy, a
known consequence of hypertension and a frequent indicator of hypertensive heart
disease. Paradoxically they did not exclude left atrial enlargement (volume, diameter,
area) on the echocardiogram in their definition of idiopathic AF. In fact, they made a
major point about not using left atrial size in the definition. The argument they put
forward for doing so is that an enlarged left atrium can be a consequence rather than a
‘cause’ of AF. They are undoubtedly correct in this supposition. However, this leads
into another of those endless arguments for which there is no correct answer. In
patients with AF is an enlarged left atrium always the consequence of AF? Certainly
one sees patients in situations when one can be fairly confident that they are
presenting with their first and only episode of AF and the left atrium is already
enlarged and thus logically part of the ‘cause’ for AF. Left atrial enlargement is a
frequent fellow traveller with hypertension. Thus, it seems more reasonable to take
the position that left atrial enlargement can be both a ‘cause’ and a ‘consequence’ of
AF. Finally, the measurement they used was a simple left atrial diameter (albeit
normalized for body mass index). In reading the reports of echocardiograms | am
impressed by the inconsistency and lack of agreement between simple left atrial
diameter and left atrial volume, particularly when normalized for body mass index, in
determination of whether the left atrium is actually enlarged. For these reasons, |
think the authors are on a bit of a slippery slope in ignoring left atrial size in their
definition of idiopathic AF. How convincing is the authors’ argument that age and left
atrial size doesn’t count in defining idiopathic AF? Even within their own data a skeptic
might point out a couple of their observations raise doubts. In spite of the authors’
assertion that there was no difference in left atrial diameter between patients above
and below the 60-year-old threshold, there does seem to be a strong trend (P = 0.07).
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What would the data look like if they had used left atrial volume, or a slightly different
age cut-off, or had more patients?

Assuming there is some fundamental mechanistic difference between
paroxysmal and persistent AF, one could also argue that the observation that older
patients had more persistent AF than paroxysmal AF also seems to be trying to tell us
something. Once again Sisyphus comes to mind. What is the purpose of the task?
Getting to the top of the hill and staying there seems to be out of the question. As in
previous studies the authors found that those patients who met their definition of
idiopathic AF had a lower risk of morbidity over the next year. In this case, a lower risk
of stroke was found compared with patients with uncomplicated hypertension and no
other apparent underlying etiologic condition (including left ventricular hypertrophy)
for AF, although the numbers are small. Finding low risk of morbidity in idiopathic AF is
consistent with other lines of evidence, suggesting much of the serious morbidity and
probably mortality associated with AF is more likely due to associated medical
conditions rather than AF itself.”

Rather than tweaking the definition of idiopathic AF and describing the
resultant population and their risk of morbidity, a potentially more interesting exercise
is to try to determine why these patients actually have AF. Could there be a genetic
mechanism? Would examination of such patients with new diagnostic techniques such
as cardiac magnetic resonance imaging determine the presence of a common
denominator that ‘causes’ all AF even that considered to be idiopathic? An interesting
emerging candidate in this respect is fibrosis of the atria.®”’ Extrapolating from the role
of fibrosis in the so-called isolated diastolic heart failure,8 an understanding of the
various factors that initiate fibrosis in the heart, could lead to new upstream therapies
aimed at primary prevention of AF in targeted patients. Factors that initiate fibrosis in
the heart may include some previously unsuspected culprits such as remote transient
viral infections or again, a genetic predisposition to atrial fibrosis.

We are a long way from understanding the fundamental basis for AF and until
we have such knowledge primary prevention of AF remains a noble but elusive goal.
Idiopathic AF may be a rarer and rarer problem as time passes but understanding why
it happens could be an important step in developing new paradigms for the treatment
of AF. As so eloquently stated by the poet Robert Frost we truly ‘have miles to go
before we sleep’.
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INTRODUCTION

Masked hypertension is: normal blood pressures (BPs) in clinical setting and high BP
during ambulatory monitoringl. Although these patients are at higher cardiovascular
risk, there is still no clear consensus definition of masked hypertension.

Case report

A 48-year-old male with new onset atrial fibrillation and a mean BP of 110/70 during
repetitive measurements at the outpatient clinic has been scheduled for 24-hour
ambulatory BP monitoring due to unexplained mild left ventricular hypertrophy. His
BPs were clearly high in the evening of the ambulatory monitoring as shown in figure
1. Reassessing the date and time of measurements revealed peeks of hypertensive
episodes concomitant with the goals of the FIFA 2010 world cup semi-final match
Uruguay vs. Netherlands (figure 1). This high susceptibility for external influences and
triggered masked hypertension is a risk factor of developing cardiovascular events.
Important sport events are known to provoke a sufficient level of stress to trigger
symptomatic cardiovascular events”>.
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FIGURE 1 - Registration of 24-hour ambulatory blood pressure measurement (SBP: systolic blood pressure;
DBP: diastolic blood pressure; HR: heart rate)
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ABSTRACT

Aim: Idiopathic atrial fibrillation (AF) may be an expression of as yet undetected
underlying heart disease. We found it useful for clinical practice to study the long-term
development of cardiovascular disease (CVD) in patients diagnosed with idiopathic AF.
Methods: Forty-one consecutive idiopathic AF patients (56+10 years, 66% male) were
compared with 45 healthy control patients in permanent sinus rhythm. Patients were
free of hypertension, antihypertensive and antiarrhythmic drugs, diabetes, congestive
heart failure, coronary artery or peripheral vascular disease, previous stroke, thyroid,
pulmonary and renal disease, and structural abnormalities on echocardiography.
Results: Baseline characteristics and echocardiographic parameters were equal in AF
cases and controls. During a mean follow-up of 66+11 months, CVD occurred
significantly more often in idiopathic AF patients compared to controls (49% vs. 20%,
p=0.006). Patients with idiopathic AF were significantly younger at the time of their
first CV event compared to controls (5919 vs. 6415 years, p=0.027), and had more
severe disease. Multivariable Cox regression analysis revealed that age, a history of AF
and echocardiographic left ventricular wall width were significant predictors of CVD
development.

Conclusion: Patients originally diagnosed with idiopathic AF develop CVD more often,
at younger age, and with a more severe disease profile compared to healthy sinus
rhythm control patients. The detection and treatment of CVD in an early stage could
improve the prognosis of these patients. At present it seems prudent to regularly
check idiopathic AF patients for the insidious development of CVD.

92




CHAPTER VII | CARDIOVASCULAR DISEASE DURING 5 YEAR FOLLOW UP

INTRODUCTION

Idiopathic atrial fibrillation (AF) refers to the occurrence of the arrhythmia in the
absence of a cardiovascular or pulmonary disease generating the pathophysiological
substrate for the arrhythmia. Follow-up data in patients diagnosed with idiopathic AF
is sparse and mainly based on two large observational population studies.””

Data from the Olmsted County database suggest that idiopathic AF is a benign
disease with comparable risk of thromboembolism, congestive heart failure and
mortality as the general population. In contrast, data from the Framingham Heart
Study and the Paris Prospective Study show that idiopathic AF is associated with
increased mortality and co—morbidity.l’4 Presumably, differences regarding the
definition of idiopathic AF in these studies are the main cause of these ambivalent
results. Translating the data of these studies into daily clinical practice is not easily
established due to the long follow-up duration (mean of 23 years), and the focus on
the occurrence of major adverse cardiovascular and cerebrovascular events (MACCE:
death, stroke/TIA, myocardial infarction, embolism or major bleeding) instead of
cardiovascular disease itself. More recent observational studies show that ageing,
development of cardiovascular disease and increased left atrial (LA) volume relate to
long term prognosis of idiopathic AF patients.z’ >6

The detection and treatment of cardiovascular disease in an early stage could
improve the prognosis of these patients. Since idiopathic AF may be an expression of
as yet undetected underlying heart disease, we found it useful for clinical practice to
study the development of cardiovascular disease over time in patients diagnosed with
idiopathic AF.

METHODS

Study population

We prospectively studied 41 consecutive idiopathic AF patients and 45 healthy sinus
rhythm control patients, who were referred to the outpatient clinic of one of our
cardiologists (RGT) between 2004 and 2007 for a standard transthoracic
echocardiographic examination (in the work up for AF or for cardiovascular screening
purpose in the sinus rhythm control patients). The study was approved by the local
Ethics Committee and complied with the declaration of Helsinki. Informed consent of
all patients was obtained.

AF patients had to be in AF at time of enrolment or had a previous
documented history of paroxysmal or persistent AF defined as a documented episode
of atrial fibrillation lasting 30 seconds or more. Idiopathic AF and healthy sinus rhythm
were strictly defined as the absence of any cardiovascular disease including
hypertension (no antihypertensive drug use [diuretics, angiotensin converting enzyme
inhibitors, aldosterone receptor blockers, aldosterone receptor antagonists, non-
dihydropyridine calcium antagonists, other], all previously recorded systolic blood
pressures not exceeding 140 mmHg, diastolic blood pressures not exceeding 90 mmHg
and absence of left ventricular hypertrophy (interventricular septum width > 10 mm,
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posterior wall width > 10 mm)), diabetes (fasting blood glucose > 7.0 mmol/L), or
hypercholesterolemia (total fasting cholesterol > 6.4 mmol/L and no statin use). In
addition, no coronary artery disease (i.e. absence of typical exercise-related angina
pectoris, an exercise stress test with significant ST-segment depression, previous acute
coronary syndrome, percutaneous or surgical coronary revascularization, or previous
angiographically documented coronary disease), no peripheral vascular disease
(intermittent claudication, or previous percutaneous or surgical revascularization), no
congestive heart failure (no clinical signs or symptoms, left ventricular ejection fraction
> 50%, normal diastolic function parameters), no previous stroke, no thyroid or
pulmonary disease, no significant renal dysfunction (estimated MDRD’ glomerular
filtration rate <60 ml/min), no malignancy, and no evidence for structural
cardiovascular disease on echocardiography including valvular heart disease.

During follow-up we collected all emerging cardiovascular diseases, including
cardiovascular death, thromboembolic complications (stroke, TIA), congestive heart
failure, coronary artery disease (acute coronary syndrome, percutaneous or surgical
coronary revascularization, or angiographically documented coronary disease with
angina pectoris), and new onset hypertension (antihypertensive drug use [diuretics,
angiotensin-converting enzyme inhibitors, angiotensin |l receptor antagonists,
aldosterone receptor antagonists, dihydropyridine calcium-channel blockers], systolic
blood pressures exceeding 140 mmHg, diastolic blood pressures exceeding 90 mmHg,
or development of left ventricular hypertrophy [interventricular septum width > 10
mm, posterior wall width > 10 mm, according to the ASE-convention] during follow-up
echocardiography).

The electrocardiogram

At the time of inclusion and during follow-up, all patients underwent 12-lead
electrocardiographic (ECG) recording obtained in the supine position (MAC 5000,
Marquette Medical Systems, Milwaukee, Wis.).

Echocardiographic examination

The echocardiographic examination consisted of a standard 2-dimensional
echocardiogram, including M-mode and Doppler echocardiography (Sonos 5500,
Philips Medical Systems, Andover, Mass) during continuous electrocardiogram (ECG)
monitoring according to the recommendations as described in the American Society of
Echocardiography guidelines. After we obtained baseline echocardiographic data, all
measurements for study purposes were made by an independent observer who was
blinded for arrhythmia history and other patient characteristics. Echocardiography
during follow-up was left at the discretion of the treating physician.

Data collection

Patient characteristics, including medication, (arrhythmia) history, electrocardiograms,
visits to cardiac emergency department, hospital admissions and major cardiovascular
events at the time of echocardiography and during follow-up were obtained and cross-
checked by two independent observers. Data were derived from the patient charts
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(both hospital and general practitioner), electronic medical records and the electronic
ECG database, which stores all ECGs and Holter recordings, performed in our hospital.

Progression of AF was defined as follows: development of new-onset atrial
fibrillation during follow-up in control patients or paroxysmal AF at baseline becoming
persistent or permanent AF during follow-up. Since the Maastricht University Medical
Centre has a strong regional community care function, none of the patients were lost
to follow-up. At the end of follow-up, general practitioners were contacted in order to
obtain additional follow-up data.

Statistical analysis

Continuous variables are expressed as mean and standard deviation; categorical
variables are expressed as absolute numbers and percentages.

Baseline variables were compared with an independent t test (two-tailed) after
performing Levene’s test for equality of variances in all normally distributed
continuous variables and Mann-Whitney test (two-tailed) in all not normally
distributed variables. Categorical variables were tested with two-sided Fisher’s exact
test.

All parameters showing a significant Cox regression univariate relation with
the occurrence of cardiovascular disease during follow-up (age, AF history, posterior
wall width) were included as covariates in a Cox regression model (retention level set
at 0.1), odds ratios and 95% confidence intervals were calculated and results were
checked for colinearity (Off note, VKA use and interventricular septum width were not
included since these are directly related to respectively AF history and posterior wall
width).

Statistical analysis was performed with SPSS statistical software (SPSS, Inc.
release 18.0) and statistical significance was assumed for p<0.05.

RESULTS

The overall mean (SD) age was 54 (11) years and just over half of patients was male
(58%). Baseline characteristics, electrocardiographic and standard echocardiographic
parameters were equal in AF cases and controls. (Table 1) Particularly, mean + SD age
(56+10 vs. 53+12 years, p=0.465), P-wave duration (88+20 vs. 86+17 ms, p=0.521) and
LA diameter (3945 vs. 38+4 mm, p=0.254) did not differ between AF patients and
controls. A few sinus rhythm patients were on aspirin or a beta-blocker because their
referring physician deemed these drugs necessary due to the suspicion of
cardiovascular disease (not found at enrolment after full work-up including
echocardiography). A total of 14 (34%) AF patients used oral anticoagulation despite
low cardiovascular risk profile. AF duration showed a statistically significant but weak
correlation to LA size (spearman’s correlation coefficient: 0.365, p=0.024).
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Table 1 - Baseline characteristics in patients with sinus rhythm compared to patients with
idiopathic atrial fibrillation

Sinus rhythm  Atrial fibrillation

(n=45) (n=41) P value
Demographics
Age (median, interquartile range) 57 (46-62) 58 (46-64) 0.465t
Male 23 (51) 27 (66) 0.194%
Body mass index (kg/m?) 26 (4) 27 (4) 0.348*
AF history duration (months) (median, interquartile range) - 1(0.6-11)
Medication
Oral anticoagulation 0 14 (34) <0.001%
Aspirin 5(11) 18 (44) 0.001%
Beta blocker 7 (16) 13 (32) 0.124%
ECG
Heart rate (bpm) 70(12) 66 (11) 0.176*
P-wave duration (ms) 86 (17) 88 (20) 0.521*
PQ duration (ms) 153 (29) 158 (24) 0.304*
QRS duration (ms) 93 (17) 93 (11) 0.987*
QTc duration (ms) 411 (19) 410 (18) 0.820*
Echocardiography
Aorta diameter (mm) 33(3) 34 (4) 0.056*
Left atrial diameter (mm) 38 (4) 39 (5) 0.254*
Left ventricular end diastolic diameter (mm) 48 (4) 49 (4) 0.191*
Left ventricular end systolic diameter (mm) 32 (4) 33 (3) 0.261*
Interventricular septum width (mm) 8.7 (0.9) 8.6 (0.8) 0.763t
Posterior wall width (mm) 8.4 (0.8) 8.5(0.7) 0.693t
Left ventricular ejection fraction (%) 62 (5) 62 (4) 0.976*
Data are presented as mean (+SD) or n (%) unless otherwise specified.
* Normal distribution, Levene’s independent samples T-test
T Non-normal distribution, Mann-Whitney U test
¥ Categorical data, Fisher’s exact test

Follow-up was completed in all patients; mean follow-up duration was 66111 months.
(Table 2) Cardiovascular disease occurred significantly more often in idiopathic AF
patients compared to sinus rhythm controls (49% vs. 20%, p=0.006). The Kaplan Meier
6 year cumulative risk for occurrence of cardiovascular disease was significantly
increased for patients with idiopathic AF. (Figure 1)

Three patients (7%) with idiopathic AF died (one due to myocardial infarction,
one due to malignancy and the other developed a cerebrovascular accident and died
later in follow-up due to malignancy), whereas none of the control patients died
during follow-up. Hypertension (33% vs. 16%, p=0.123) and coronary artery disease
(12% vs. 9%, p=0.299) developed most frequently. Patients with idiopathic AF were
significantly younger at the time of cardiovascular event or associated disease (5919
vs. 6415 years, p=0.027) and had developed a more severe disease profile compared
to controls. (Figure 2)
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Table 2 - AF progression, cardiovascular disease and medication during Follow-up

Sinus rhythm

Atrial fibrillation

(n=45) (n=a1) P value

Demographics
AF progression in Follow-up 2 (4) 6 (15) 0.144%
Visits cardiac emergency department 2 (4) 21 (66) <0.001%
Cardiovascular (related) disease in Follow- 9(20) 20 (49) 0.006%
upt

Cardiovascular death 0 1(3) 0.471%

Myocardial infarction 0 2 (5) 0.224%

Cerebrovascular accident 0 2 (5) 0.224%

Congestive heart failure 0 3(8) 0.100%

Coronary artery disease 4(9) 5(12) 0.299%

New onset hypertension 7 (16) 12 (30) 0.191%
Medication
Oral anticoagulation 1(2) 18 (45) <0.001%
Aspirin 10 (22) 15 (38) 0.231%
Beta blocker 5(12) 12 (30) 0.058%
Statins 7 (16) 7 (18) 1.000%
Antihypertensive drug use* 7 (16) 12 (30) 0.191%

Data are presented as mean (£SD) or n (%)

* ACE-inhibitor, angiotensin receptor blocker, diuretics, calcium channel blocker

t Categorical data, Fisher’s exact test

¥ The tabulations of cardiovascular diseases during follow-up include the first event for each patient.
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Figure 1 - Kaplan Meier cumulative incidence of the occurrence of first cardiovascular disease in
patients with idiopathic AF and healthy control patients in permanent sinus rhythm. (Log Rank P
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Echocardiography during follow-up was available in 34 patients (20 AF, 14 controls). LA
diameter increased in 23 patients (AF: 15 (75%) vs. SR: 8 (57%), p=0.485) with a mean
increase of 3.0+4mm in patients with idiopathic AF vs. 0.843mm in controls (p=0.099).
Patients who developed cardiovascular disease during follow-up more often showed
an increase in atrial size compared to patients who did not develop cardiovascular
disease (17 (90%) vs. 6 (40%), p=0.003). (Figure 3)
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Figure 3 - Left atrial diameters during Follow-up according to the occurrence of cardiovascular events in 20
atrial fibrillation patients and 14 sinus rhythm control patients.

The following baseline parameters showed a significant Cox regression univariate
relation with the occurrence of cardiovascular disease during follow-up: age, AF
history, VKA use, interventricular septum width, and posterior wall width. (Table 3)
Multivariable Cox regression analysis revealed that age, a history of AF and posterior
wall width were predictors of cardiovascular disease development. (Table 4)
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Table 3 - Baseline characteristics in patients who did not versus did develop cardiovascular disease during
follow-up.

No CVD >1CvD P value

(n=57) (n=29)
Demographics
Age 52(12) 59 (8) 0.003%
Male 31 (54) 19 (66) 0.363%
Body mass index (kg/m”’) 25 (4) 28 (4) 0.172*
Atrial fibrillation in history 21(37) 20 (69) 0.005%
Follow-up duration (months) 67 (11) 65 (10) 0.609t
Medication
Oral anticoagulation 5(9) 9(31) 0.013%
Aspirin 15 (26) 8 (28) 1.0t
Beta blocker 13 (23) 7 (24) 1.0%
Echocardiography
Aorta diameter (mm) 33(3) 34 (4) 0.168*
Left atrial diameter (mm) 38 (4) 41 (4) 0.447*
Left atrial volume (cc) 51(17) 57 (17) 0.744*
Left ventricular end diastolic diameter (mm) 48 (4) 50 (5) 0.402*
Left ventricular end systolic diameter (mm) 32 (3) 34 (4) 0.109*
Interventricular septum width (mm) 8.4 (0.8) 9.0(0.9) 0.006t
Posterior wall width (mm) 8.3(0.6) 8.8 (0.8) 0.005t
Left ventricular ejection fraction (%) 63 (4) 61 (5) 0.294*
Data are presented as mean (+SD) or n (%)
* Normal distribution, Levene’s independent samples T-test
T Non-normal distribution, Mann-Whitney U test
I Categorical data, Fisher’s exact test

Table 4 - Multivariable Cox regression analysis: demographic and clinical variables related to occurrence of
cardiovascular disease

OR 95% C.I. P
History of AF 3.265 1.470-7.250 0.004
Posterior wall width (mm) 1.993 1.249-3.181 0.004
Age (years) 1.059 1.013 - 1.106 0.010
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DISCUSSION

This study is one of the few following idiopathic AF patients for the development of
cardiovascular disease in general instead of focusing on major cardio- and
cerebrovascular events only, and comparing them with patients in sinus rhythm
without a cardiovascular diagnosis. It shows that in clinical practice almost half of the
patients originally diagnosed with idiopathic AF develops cardiovascular disease within
merely five years follow-up. Cardiovascular disease develops often, at younger age and
with a more severe disease profile, in these patients compared to healthy sinus
rhythm controls. This suggests that idiopathic AF is an expression of as yet undetected
underlying cardiovascular disease and that these patients should be checked regularly
for the development of cardiovascular disease.

Longitudinal studies on idiopathic AF are rare and the definitions used in
these studies are mostly not identical and often lenient. The presence of arterial
hypertension for instance was not an exclusion criterion in the Framingham Heart
study on idiopathic atrial fibrillation." We used a very strict definition for idiopathic AF
so risk wise, all patients were at low risk and similar at the outset. Yet, almost half of
the patients with idiopathic AF developed cardiovascular disease or MACCE. This
suggests that not only advanced AF but also idiopathic AF is associated with
cardiovascular disease and events. To what extend AF on itself contributes is difficult
to say. With increased levels of thrombogenesis and uncontrolled heart rate, AF could
act as a mechanism in the development of stroke and congestive heart failure.>*! But
it is difficult to find a similar role for AF in the development of arterial hypertension
(e.g. AF may induce hypertension through concealed insidious adrenergic activation
due to high heart rates) or coronary artery disease.”” ™ In these cases, AF could be
seen as a whistleblower of as yet undetected, clinically concealed coronary artery
disease or arterial hypertension.

Arterial hypertension is a major risk factor for the development of AF and
cardiovascular events but is often not recognized. This so called masked or latent
hypertension has been described in patients initially diagnosed with idiopathic AR 13
Although patients with hypertension or left ventricular hypertrophy were excluded in
the present study, posterior wall width - although within normal limits - was a
predictor of cardiovascular disease. This might suggest the presence of masked
hypertension or pre-hypertension (SBP of 120-139 mmHg and DBP of 80-89mmHg) in
patients participating in this study. It also suggests that even normal wall sizes show a
variation representing preclinical disease once wall width is found to be at the high
end of normal. These patients seem to be at an increased risk of developing
cardiovascular disease or atrial fibrillation compared with those with normal blood
pressure levels."**® The present study corroborates the findings by Katritsis et al,
supporting the notion that hypertension may develop or become apparent in many
idiopathic AF patients (30% during 5 year follow-up) and emphasizes the importance of
regular 24 hour ambulatory blood pressure monitoring and adequate treatment of
early hypertension in patients with idiopathic AF since it relates to their vascular
prognosis.
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Many clinical parameters are only indirectly related to AF. However, the true
‘scene of calamity’ are the atria. Increased LA size is associated with increased risk of
AF onset and recurrence, other cardiovascular disease and mortality.s' 20

In this study, left atrial sizes at the outset were equal between patients with
and without AF and were not related to the occurrence of cardiovascular disease in
the overall population. On the other hand, patients with LA increase during follow-up
were prone to develop cardiovascular disease. These results confirm previous findings
during three decades follow-up in idiopathic AF patients.6

Idiopathic AF is often described as a benign disease.” >* However, our data
suggests that not every idiopathic AF patient has the same cardiovascular prognosis. It
seems that patients with idiopathic AF can be divided into two groups following
divergent courses regarding cardiovascular disease development. Those who are at
true low risk on one hand, and those with deterioration of cardiovascular disease in
the years after idiopathic AF diagnosis as reflected by AF progression, development of
cardiovascular disease and events. This study shows that within five years follow-up
almost 50% of the patients initially suffering from idiopathic AF develops
cardiovascular disease. During long term follow-up in the Olmsted County population,
the same number of those with idiopathic AF (50%) developed major adverse
cardiovascular events.® It is plausible that the patients in our study are the same as the
patients in the Olmsted County cohort but caught somewhat later in their vascular
career. Apparently, it is possible to identify these patients since they have in common
that atrial size appears to increase during follow-up. At present, it seems judicious to
closely follow these patients at the outpatient department for the development of
cardiovascular  disease. Repeated blood pressure  measurements and
echocardiography (including LA size and posterior wall width) seem prudent in
patients with idiopathic AF.

LIMITATIONS

The study result was obtained in a relatively small and — by its nature — highly selected
population and should be reproduced in other cohorts. Nevertheless, it seems
reasonable to state that a substantial part of patients originally diagnosed with
idiopathic AF develop cardiovascular disease during short-term follow-up. Since sinus
rhythm patients were referred for cardiovascular screening purposes rather than AF,
referral bias may have played a role but would — if anything — have led to a higher
incidence of events in the control population rather than the reverse. Although we
meticulously tried to rule out hypertension, specific cases of masked hypertension
could be missed since 24 hour ambulatory blood pressure monitoring was not
performed. Follow-up echocardiography was not available in all patients. As a result,
potential surveillance bias due to echocardiography being performed for renewed
suspicion or actual development of cardiac disease, could not be excluded. However,
this bias holds for both groups and, in addition, does not invalidate the relationship
between size increase and disease development.
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CONCLUSION

Patients originally diagnosed with idiopathic AF develop cardiovascular disease more
often, earlier in time and at younger age compared to healthy sinus rhythm control
patients. Age, history of AF and posterior wall width are significant predictors of
cardiovascular disease development. The detection and treatment of cardiovascular
disease in an early stage could improve the prognosis of these patients. At present it
seems prudent to regularly check idiopathic AF patients for the development of CV
disease.
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ABSTRACT

AIMS: Idiopathic atrial fibrillation (AF) refers to a clinically lacking cardiovascular or
pulmonary disease generating the pathophysiological substrate for the arrhythmia.
However, since idiopathic AF is associated with an increased event rate, it may act as a
whistle-blower of as yet undetected underlying heart disease. We studied the
prevalence of coronary artery disease (CAD) in patients diagnosed with idiopathic AF.
METHODS & RESULTS: Out of 3.243 patients who underwent cardiac CT angiography
(CTA) in our center between January 2008 and March 2011, we identified a total of
115 consecutive idiopathic AF patients who underwent CTA before
electrophysiological ablation. Patients were compared with 275 age-, sex-, and
PROCAM risk score-matched healthy controls in permanent sinus rhythm. All patients
were free of hypertension, diabetes, congestive heart failure, previous known
coronary artery and peripheral vascular disease, previous stroke, thyroid, pulmonary
and renal disease, and structural abnormalities on echocardiography. Controls more
often showed a family history of CAD (38% vs. 15%, p<0.001), had a higher prevalence
of smoking (25% vs. 14%, p=0.021), higher fasting blood glucose levels (5.5+0.7 vs.
5.440.6 mmol/L, p=0.025), and smaller atrial diameters (3744 vs. 405 mm, p<0.001)
compared to AF patients. Notwithstanding the above, idiopathic AF patients
significantly more often suffered from subclinical CAD compared to controls (49% vs.
34%, p=0.008). Multivariable regression analysis revealed that beside (as expected)
age and gender, a history of AF and left atrial diameter were significant predictors of
underlying CAD.

CONCLUSION: Half of patients originally diagnosed with idiopathic AF show concealed
underlying CAD. The detection and treatment of CAD in an early stage could improve
the prognosis of these patients.
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INTRODUCTION

Atrial fibrillation is a well-established risk factor for cardiovascular events such
as stroke and myocardial infarction. In fact, these vascular complications represent the
major threat associated with AF." The RACE study showed an annual event rate for
developing a vascular endpoint (cardiovascular death, heart failure or thromboembolic
complication) of 8% in the general AF patient.” Even in the subset of patients who have
AF in absence of any detectable cardiovascular disease, annual morbidity and mortality
rates comprise 4%.> * Given that this so-called idiopathic AF is associated with a
significant cardiovascular event rate, it may act as a whistle-blower of as yet
undetected underlying vascular disease. Concerning this issue, a matched comparison
between idiopathic AF patients and healthy sinus rhythm patients has never been
performed before. We studied the prevalence of coronary artery disease (CAD) in
patients originally diagnosed with the most immaculate form of atrial fibrillation and
compared these patients with healthy sinus rhythm (SR) controls.

METHODS

Study population

We performed a case-control study in 3.243 patients who underwent cardiac CT
angiography (CTA) in our center between January 2008 and March 2011. Before
performing CTA, patient characteristics were collected and the PROCAM risk score was
determined.” The PROCAM risk score is a simple and accurate scoring scheme, which is
widely accepted, and allows predicting the absolute 10-year risk of an acute coronary
event (fatal or non-fatal myocardial infarction or acute coronary death). A PROCAM
risk score <10% is estimated as low risk, 10-20% as moderate risk, and >20% as high
risk. All patients were in SR during CTA. Blood sampling was done after an overnight
fast. The Institutional Review Board approved the study and all patients gave written
informed consent.

Cases had to be idiopathic paroxysmal AF patients who underwent CTA in the
work-up for electrophysiological AF ablation. Controls had to be healthy permanent SR
subjects, who had CTA for cardiovascular screening purposes. Anginal complaints and
abnormal stress test were never an indication for CTA. Our aim was to select at least
two controls per case. Cases and controls were matched on sex, age at time of CTA (1
year) and PROCAM risk score (+2%).

Idiopathic AF and healthy SR were defined as absence of any cardiovascular
disease including significant hypertension (defined as antihypertensive drug use
[diuretics, angiotensin-converting enzyme inhibitors, angiotensin Il receptor
antagonists, aldosterone receptor antagonists, dihydropyridine calcium-channel
blockers], or a systolic blood pressure 2140 mmHg, or a diastolic blood pressure >90
mmHg on CTA visit, or left ventricular hypertrophy [interventricular septum width > 10
mm, posterior wall width > 10 mm]), diabetes (fasting blood glucose > 7.0 mmol/L), or
hypercholesterolemia (total fasting cholesterol > 7.0 mmol/L). In addition, no history
of CAD (i.e. typical exercise-related angina pectoris, an exercise stress test with
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significant ST-segment depression if available, previous acute coronary syndrome,
percutaneous or surgical coronary revascularization, or previous angiographically
documented CAD), no significant renal dysfunction (calculated creatinin clearance < 60
ml/min, Cockcroft and Gault formula), no congestive heart failure (left ventricular
ejection fraction < 50%), no previous stroke, no malignancy, no thyroid disease or
pulmonary disease, and no evidence for structural cardiovascular disease on
echocardiogram, including valvular heart disease and left ventricular hypertrophy.

The electrocardiogram
All patients underwent 12-lead ECG recording obtained in the supine position (MAC
5000, Marquette Medical Systems, Milwaukee, Wis., USA).

Echocardiographic examination

The echocardiographic examination consisted of a standard 2-dimensional
echocardiogram, including M-mode and Doppler echocardiography (Sonos 5500,
Philips Medical Systems, Andover, Mass., USA) during continuous electrocardiogram
(ECG) monitoring according to the recommendations as described in the American
Society of Echocardiography guidelines.

CTA data acquisition and analysis

In all patients a prospective unenhanced coronary calcium scan was performed. For
quantitative assessment of coronary artery calcification the Agatston score was
calculated, using a 3 mm CT slice thickness and a detection threshold of >130
Hounsfield units involving 21 mm? area/lesion (3 pixels). Patients were categorized as
having no calcium (Agatston score = 0), minimal (1-10), mild (11-100), moderate (101-
400) or severe (> 400) coronary calcification.

Cardiac CT angiography was performed using a collimation of 64*0.625 mm or
2*128*0.625 mm and a rotation time of 0.4 or 0.28 seconds, both for Brilliance 64 and
Somatom Flash respectively. The tube current was 240-400mA (depending on body
weight), at 80-120 kV. Contrast material (lobitridol, Xenetix 350; Guerbet, Paris,
France) was administered at a flow rate of 7.0 mL/s in the antecubital vein; with
volumes depending on the total scan time (80 to 110 mL). Blood pressure was
measured before CTA, while heart rate and ECG were monitored during CTA. In the
absence of contra-indications, patients with a heart rate 260 bpm were administered
50 to 100 mg Metoprolol tartrate orally or 5 to 20 mg Metoprolol intravenously. Bolus
timing was performed by automated peak enhancement detection in the descending
aorta using a threshold of 130 Hounsfield units. Data analysis was performed in a
consensus reading by an experienced cardiologist and radiologist who were blinded to
all medical data. Image analysis was performed on dedicated workstations for post
processing and evaluation (Cardiac Comprehensive® Analysis software, Philips
Healthcare, Best, the Netherlands). Coronary arteries were evaluated according to a
16 segments classification scheme according to the American Heart Association (AHA)
classification. The quality of each segment was assessed and classified as interpretable
or not. Coronary plaques were defined as structures >1 mm” within and/or adjacent to
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the coronary artery lumen, which could be clearly distinguished from the vessel lumen
and the surrounding pericardial tissue, as described previously.6 Obstructive CAD was
defined as 250% luminal narrowing.

Statistical analysis
Continuous variables are expressed as mean and standard deviation; categorical
variables are expressed as absolute numbers and percentages.

Baseline variables were compared with an independent t test (two-tailed)
after performing Levene’s test for equality of variances in all normally distributed
continuous variables and Mann-Whitney test (two-tailed) in all not normally
distributed variables. Categorical variables were tested with two-sided Fisher’s exact
test.

All clinical covariates showing a univariate relation (P < 0.1) with the presence
of CAD as determined by CTA, were included in a logistic regression model (retention
level set at 0.1), odds ratios (OR) and 95% confidence intervals (Cls) were calculated.
We checked for colinearity and interactions among covariates and found none of
significance. The discriminatory ability of the model was assessed using c statistic, a
measure of the area under the ROC curve. Calibration of the model was tested by the
Hosmer-Lemeshow statistic.

Statistical analysis was performed with PASW statistical software (SPSS, Inc.
release 18.0) and statistical significance was assumed for p<0.05.
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RESULTS

Baseline characteristics for cases and controls are provided in table 1. In total, 115
idiopathic paroxysmal AF patients (cases) were matched to a group of 275 healthy SR
controls. The overall mean (SD) age was 55 (10) years and the majority was male (68%).
CTA was performed with a 64-slice CT scanner (Brilliance 64; Philips Healthcare, Best,
The Netherlands) in 2387 patients and a 2*128-slice dual-source CT scanner (Somatom
Flash; Siemens Healthcare, Forchheim, Germany) in 856 patients.

AF patients less often showed a family history of CAD (15% vs. 38%, p<0.001),
smoking (14% vs. 25%, p=0.021), higher fasting blood glucose levels (5.4+0.6 vs.
5.5#0.7 mmol/L, p=0.025), and smaller atrial diameters (405 vs. 374 mm, p<0.001)
when compared to controls.

Despite a slightly more favorable baseline profile, idiopathic AF patients
significantly more often suffered from subclinical CAD compared to controls as
determined by CTA (49% vs. 34%, p=0.008). Asymptomatic significant stenosis was
present in 4 AF patients (4%) compared to 4 (2%) controls (p=0.242). Mean Agatston
scores differed significantly between cases and controls (52+118 vs. 32+114, p=0.028).
The highest coronary artery calcium scores were more frequent in the AF patients
whereas absence of coronary calcium was more prevalent in controls. (Figure 1).

100 - P =0.008 P=0.014 P=0.242 P =0.098 P=0.110
75 - 66
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FIGURE 1 -Prevalence of coronary artery disease and Agatston score categories in patients with idiopathic
AF (black) and matched healthy controls in permanent SR (gray).
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Out of a total of 6240 coronary artery segments, 34 (0.6%) were excluded
because of impaired image quality. AF patients turned out to have a significantly
higher amount of diseased segments compared to controls (8.2% vs. 4.8%, p<0.001).
More in detail, the total number of segments containing non-calcified, calcified or
mixed plaques was significantly increased in cases compared to controls (1.6% vs. 0.6%,
p<0.001; 4.0% vs. 2.5%, p=0.002; 2.9% vs. 1.9%, p=0.015, respectively). CAD was more
often located in the left coronary artery in AF patients compared to controls (right
coronary artery: 14% vs. 13%, p=0.873; left main: 9% vs. 3%, p=0.018; left anterior
descending: 45% vs. 30%, p=0.003; circumflex artery: 21% vs. 11%, p=0.017). (Figure 2)

TABLE 1 Baseline characteristics in healthy SR controls compared to idiopathic atrial fibrillation cases.

SINUS RHYTHM ATRIAL FIBRILLATION P-VALUE
(N=275) (N=115)
DEMOGRAPHICS
Procam risk-score 6.4 (6) 5.9 (7) 0.895¢
Male 182 (66) 82 (71) 0.344"
Age (years) 55 (10) 55 (10) 0.819°
Family history of CAD 104 (38) 17 (15) <0.001"
Smoking 67 (25) 16 (14) 0.021*
Systolic blood pressure (mmHg) 126 (10) 125(12) 0.491°
Fasting blood glucose 5.5(0.7) 5.4 (0.6) 0.025°
LDL 3.4(0.9) 3.6 (0.9) 0.218°
HDL 1.3(0.4) 1.2 (0.34) 0.004°
Triglycerides 1.6 (0.9) 1.6 (0.9) 0.833¢
Total cholesterol 5.5(1.0) 5.5(1.0) 0.857°
Body mass index (kg/m?) 26 (4) 26 (3) 0.555°
Creatinine clearance (mL/min) 96 (27) 99 (23) 0.258°
AF history (months) 27 IQR 6-74
MEDICATION
VKA use 0 41 (36) <0.001*
Rate control drugs 39 (15) 63 (55) <0.001*
Betablocker 39 (15) 45 (40) <0.001*
Isoptin 0 12 (11) <0.001*
Lanoxin 0 11 (10) <0.001*
Anti-arrhythmic drugs 0 71(62) <0.001*
Sotalol 0 27 (24) <0.001"
Amiodarone 0 7 (6) <0.001*
Flecainide 0 33(29) <0.001*
Disopyramide 0 4(4) 0.007*
Propafenone 0 2(2) 0.087"
ECHOCARDIOGRAPHY
Aorta diameter (mm) 33 (4) 34(3) <0.001°
Left atrial diameter (mm) 37 (4) 40 (5) <0.001°
IVS (mm) 8.6 (1.1) 8.5(0.8) 0.271°
PWW (mm) 8.5(1.1) 8.4 (0.7) 0.245°
Left ventricular mass (gr.) 168 (40) 160 (26) 0.073®
LV ejection fraction (%) 60 (5) 61 (6) 0.110°

Data are displayed as mean (SD) unless otherwise specified
" Categorical data, Fischer’s exact test.

® Normal distribution, Levene’s independent samples T-test.
¢ Non-normal distribution, Mann-Whitney U-test.
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The following baseline parameters showed a significant univariate relation
with the presence of CAD on cardiac CTA: male sex (78% vs. 61%, p=0.001), age (58+8
vs. 5310, p<0.001), HDL (1.3%0.4 vs. 1.3+0.4mmol/L, p=0.080), AF history (38% vs.
25%, p=0.008), Aorta diameter (3313 vs. 34t4mm, p=0.001), LA diameter (4015 vs.
37+5mm, p<0.001), posterior wall width (8.840.9 vs. 8.5+1.0mm, p=0.008), use of
vitamin K antagonists (16% vs. 7%, p=0.017), and use of rate control drugs (36% vs.
23%, p=0.018). Multivariable regression analysis revealed that age, male sex, history of
AF and left atrial diameter were predictors of presence of CAD. (Table 2) The model
had a good discriminatory ability (c statistic = 0.8) and the Hosmer-Lemeshow test for
goodness-of-fit was not statistically significant (P=0.854) which is in accordance with a
good calibration. Since the use of vitamin K antagonists (VKA) is associated with
increased levels of coronary artery calcification7, we repeated these analyses in those
patients free of VKA. Omitting these patients did not change our results (data not
shown).

TABLE 2 Multivariable regression analysis: demographic and clinical variables related to the presence
of coronary artery disease as assessed by cardiac CT angiography
OR P value 95% CI

Age 1.111 <0.001 1.073-1.150
Male sex 2.381 0.006 1.290-4.393
AF history 1.897 0.030 1.062-3.387
Left atrial diameter 1.066 0.033 1.005-1.131
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Figure 2-  Presence of coronary artery disease per coronary artery segment in patients with idiopathic AF

(black) and matched healthy controls in permanent SR (gray). (RCA: right coronary artery; RPD:
right posterior descending; LAD: left anterior descending artery; LCX: circumflex artery; PL:
posterolateral; PD: posterior descending; *: P<0.02)
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DISCUSSION

In this study, we investigated the prevalence of unsuspected CAD using cardiac CT
angiography in a well-defined population of idiopathic AF patients compared to
healthy SR controls. We found that despite a more favorable baseline profile, half of
patients originally diagnosed with idiopathic AF show concealed and sometimes-
advanced underlying CAD. Beside (as expected) age and gender, a history of AF and
left atrial diameter were predictors for the presence of coronary artery disease.

Idiopathic AF is often regarded as a benign disease with a favourable prognosis.8
However, several studies showed that the incidence of new vascular disease and even
cardiovascular events is substantial.>* % The present study suggests that - using CTA
- idiopathic AF is more than expected associated with subclinical coronary artery
disease. Obviously, subclinical disease may form the basis for future cardiac events and
may thus be a marker for susceptibility to vascular disease in general. The present
findings may shed light upon previous findings that in the long term half of idiopathic
AF patients may develop cardiovascular disease including stroke, myocardial infarction
and heart failure.” Given these results, AF may be considered a vascular disease rather
than an arrhythmia.

CAD is a significant risk factor for AF in the Western world. Atrial ischemia
could create a substrate for AF by causing fibrosis and scarring of the atrial wall,
resulting in areas with reduced or even blocked conduction. Ischemia itself may also
contribute as it shortens the refractory period and decreases conduction velocity in
the atria, potentially facilitating re-entry processes.14 In addition, intermittent ischemia
could lead to ventricular diastolic dysfunction resulting in increased atrial filling
pressures thus promoting AF.” The prevalence of AF in patients with established CAD
or risk factors for atherothrombosis is substantially higher compared with the general
population.'®"” Also, the presence of the arrhythmia in patients with CAD is associated
with worse cardiovascular outcome.””*® Some clinical observations would also support
a relationship between atrial ischemia and AF. Atrial ischemia is known to play an
important role in the genesis of supraventricular tachyarrhythmias secondary to acute
myocardial infarction.™ Range et al reported a significant impairment of myocardial
perfusion in male patients suffering from persistent AF. Skalidis and colleagues
described isolated microvascular dysfunction in patients with lone recurrent AF by
measuring peak coronary blood flow velocity.”® **

In the clinical AF population, the presence of CAD, as visualized by means of
conventional coronary angiography (luminography), is estimated around 30% (Bono et
al: 26%; Androulakis et al: 32%; Kralev et al: 34%).22'24 Since CTA not only allows the
detection of coronary artery stenosis but also has the possibility to visualize coronary
atherosclerotic plaque (vasculography), it seems obvious to assume that this
percentage will be higher if CAD is determined by means of CTA. In a high risk/chest
pain population of patients with AF, CTA revealed CAD in 82% of patients.”

Our study is the first to describe the prevalence of CAD as assessed by CTA in a
well-defined population of idiopathic AF patients compared to matched healthy SR

11-13
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subjects. We found a higher prevalence of CTA-CAD among idiopathic AF patients as
compared with healthy SR controls (49% vs. 34%). Overall, it seems that mainly non-
obstructive CAD is largely present already in patients with early and uncomplicated AF.
This is also consistent with other studies, which show that the presence of CAD in AF is
not associated with a higher burden of ischemia in these patients.”®®

Whether AF is the consequence and sometimes even the first expression of yet
subclinical coronary artery disease, or that AF and CAD have a common causal
mechanism via an insidious and complex vascular inflammatory process that is going
on in your patient remains to be elucidated.

Regardless the mechanism, the findings of our study could have clinical
implications on all three main branches of AF management. Since management of AF
patients is aimed at reducing symptoms and at preventing severe complications
associated with AF, it relies on antithrombotic therapy, control of ventricular rate, and
adequate treatment of concomitant disease."

AF confers a five-fold increase in stroke risk. In order to easily assess stroke risk in
an individual patient, various stroke risk schemes - based on clinical and
echocardiographic parameters related to an increased risk of stroke in AF- have been
published. The recent ESC guidelines on the management of atrial fibrillation
introduced the CHA,DS,-VASc score (acronym: congestive heart failure, hypertension,
age >75 [doubled], diabetes, stroke [doubled], vascular disease, age 65-74, and sex
category [female]).” * Unlike previous stroke risk scores, the presence of
atherosclerotic vascular disease (previous myocardial infarction, complex aortic plaque,
and peripheral artery disease [i.e. angiographic evidence of peripheral artery disease])
has now been incorporated as it may contribute to stroke risk.*® The recommendations
for antithrombotic therapy are based on the presence (or absence) of the CHA,DS,-
VASc risk factors. Idiopathic AF patients have a stroke risk score of zero without the
need for oral anticoagulation. Considering the present results, half of these patients
previously diagnosed with idiopathic AF in fact show atherosclerotic vascular disease
and hence CHA,DS,-VASc score should be one. There is no evidence regarding the
question if CTA-CAD patients need comparable vascular- and thromboprophylaxis as
patients with conventional angiographic CAD (CCA-CAD), but it has been stated that
acute coronary syndromes usually result from rupture of atheromatous plaques that
are frequently non-obstructive and have previously been asymptomatic.31 Further,
since aortic plaques and angiographic evidence of peripheral artery disease are
defined as vascular disease in CHA,DS,-VASc risk score, one should at least consider
prescribing oral anticoagulation at a low threshold in idiopathic AF patients who have
CTA-CAD (especially females and those with age towards 65). The basis for such
strategy is — we admit — narrow, because of the lack of decent follow up in randomized
controlled trials studying the potential benefit of vascular and antithrombotic therapy
in patients with the presence of CTA-CAD (both for AF as SR patients). Nevertheless, in
these cases the new oral anticoagulants (Dabigatran, Rivaroxaban and Apixaban) may
form a welcome alternative since vitamin K antagonists have been associated with an
increase in coronary artery calcification.’
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Regarding control of ventricular rate, many patients with AF may be candidates
for drug therapy with class Ic antiarrhythmic drugs such as Flecainide. These drugs can
be proarrhythmic, particularly in the setting of acute myocardial ischemia or previous
myocardial wall infarction.>” For this reason, the presence of CAD has been regarded
as a relative contraindication to the use of class Ic antiarrhythmic drugs. Again, it has
to be further investigated whether the presence of CTA-CAD in AF patients would have
the same consequences as CCA-CAD.

The presence of CTA-CAD influences AF substrate and progression of the
arrhythmia. The use of upstream therapy (i.e. angiotensin converting enzyme
inhibitors, angiotensin Il receptor blockers, statins, aldosterone receptor antagonists)
in these patients could slow the progress of vascular disease and have beneficial
influence on AF substrate.>

The findings of our study and the potential clinical implications may be
strengthened by follow up data. However, based on the estimated low short-term
incidence of major adverse cardio- and cerebrovascular events, contributory follow up
data would require many patient-years concerning the estimated low short-term event
rate in this relatively healthy population.

LIMITATIONS

The study result was obtained in a -by its nature- selected population and should be
reproduced in other cohorts. Although we meticulously tried to rule out hypertension,
specific cases of masked hypertension could be missed since 24 hour ambulatory
blood pressure monitoring was not performed. Further, CTA data were obtained by
means of two different scanners (64-multislice computed tomography and 128-slice
dual-source CT). This can also be stated in a positive way: as during the enrolment of
patients, the most recent state-of-the-art scanning system was used. Further, cases
and controls were equally distributed among both scanners and previous head-to-
head comparisons revealed comparable results.>**®

CONCLUSION

Patients originally diagnosed with idiopathic AF have more concealed and sometimes
advanced underlying CAD as compared to healthy SR controls. Age, male sex, a history
of AF and left atrial diameter were predictors of presence of coronary artery disease.
The detection and treatment of CAD in an early stage could improve the prognosis of
these patients. At present it seems potentially beneficial to check idiopathic AF
patients for the presence of CAD.
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ABSTRACT

Aims: Vitamin K antagonists (VKA) are currently the most frequently used drug to
prevent ischemic stroke in AF patients. However, VKA use has been associated with
increased vascular calcification. The aim of this study was to investigate the
contribution of VKA use to coronary artery calcification in low risk AF patients.

Methods and results: A prospective coronary calcium scan was performed in 157 AF
patients without significant cardiovascular disease (108 male; mean age 57 + 9 years).
A total of 71 (45%) patients were chronic VKA users. The duration of VKA treatment
varied between 6 and 143 months (mean 46 months). No significant differences in
clinical characteristics were found between patients on VKA treatment and non-
anticoagulated patients. However, median coronary artery calcium scores differed
significantly between patients without and patients with VKA treatment (0, IQR O to
40, versus 29, IQR 0 to 184; P=0.001) Mean coronary calcium scores increased with the
duration of VKA use (no VKA: 53+115; 6 to 60 months on VKA: 90167 and >60 months
on VKA: 236+278; p<0.001). Multivariable logistic regression analysis revealed that
age and VKA treatment were significantly related to increased coronary calcium score.
Conclusion: Patients using VKA show increased levels of coronary calcification. Age
and VKA treatment were independently related to increased coronary calcium score.
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INTRODUCTION

Apart from other well-described clinical complications, atrial fibrillation (AF) is
associated with complex thromboembolic mechanisms raising the risk of ischemic
stroke.™ This being the most feared complication, AF patients need intensive stroke
prevention therapy. Oral vitamin K antagonists (VKA) are currently the most frequently
used drug to prevent thromboembolic complications in AF patients with a high stroke
risk.> ®

Recently, it has been suggested that the use of VKA is associated with
enhanced tissue calcification. Experimental data suggest that VKA may decrease
activity of matrix Gla-protein, a strong inhibitor of soft tissue calcification.”
Rennenberg et al showed that long term use of VKA is associated with enhanced extra-
coronary vascular calcification in patients.™

It is unknown whether VKA also increase calcification of the coronary arteries.
Obviously, considering the clinical evidence, potential deleterious calcification by VKA
is outweighed by the stroke preventive effects of VKA. However, it cannot be excluded
that a subset of high risk AF patients does develop detrimental calcification induced by
chronic VKA therapy. This may also occur in a substantial number of low risk AF
patients many of whom are overtreated with VKA. ™ In these patients potential
benefits of long term stroke prevention may not weigh up to the risks of vascular
calcification. We investigated the contribution of VKA use to the degree of coronary
artery calcification as assessed by multislice computed tomography (MSCT) in AF
patients without clinically significant cardiovascular disease.

METHODS

Study population
We performed a cross-sectional observational study in 157 consecutive patients with
paroxysmal AF and a low cardiovascular risk. All patients had either a cardiac multislice
computed tomography (CCT) for work-up before an electrophysiological ablation of
their AF (58%) or consented to undergo CCT to assess coronary artery calcification for
the purpose of this study. Before CCT patient characteristics were collected and the
PROCAM risk score was determined.” This simple and accurate scoring scheme is
widely accepted, particularly in Europe, and allows to predict the absolute 10-year risk
of an acute coronary event (fatal or non-fatal myocardial infarction or acute coronary
death, PROCAM risk score <10% estimated as low risk, 10-20% moderate risk, >20%
high risk). Blood sampling was done after an overnight fast. All patients were in sinus
rhythm during CCT. The study was approved by the Institutional Review Board and all
patients gave written informed consent.

Low cardiovascular risk was defined as a PROCAM risk score <10%, age below
70 years and absence of any cardiovascular disease including significant hypertension,
diabetes (fasting blood glucose < 7.0 mmol/L), or hypercholesterolemia (total fasting
cholesterol < 6.4 mmol/L). In addition, no history of coronary artery disease (i.e. typical
exercise-related angina pectoris, an exercise stress test with significant ST-segment
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depression if available, previous acute coronary syndrome, percutaneous or surgical
coronary revascularization, or previous angiographically documented coronary
disease), no significant renal dysfunction (calculated creatinin clearance > 60 ml/min,
Cockcroft and Gault formula), no congestive heart failure (left ventricular ejection
fraction > 50%), no previous stroke, no malignancy, no thyroid disease or pulmonary
disease, and no evidence for structural cardiovascular disease on echocardiogram,
including absence of left ventricular hypertrophy defined as interventricular septum
and posterior wall widths < 10 mm. For the purpose of this study, we excluded all
patients not fulfilling these criteria as well as patients in whom CCT was
contraindicated.

CCT data acquisition and analysis

In all patients a prospective nonenhanced coronary calcium scan was performed with a
64-slice MSCT scanner (Brilliance 64; Philips Healthcare, Best, The Netherlands). For
guantitative assessment of coronary artery calcification the Agatston score was
calculated, using a 3 mm CT slice thickness and a detection threshold of > 130
Hounsfield units involving > 1 mm?” area/lesion (3 pixels). Patients were categorized as
having no calcium (Agatston score = 0), or minimal (1-10), mild (11-100), moderate
(101-400) or severe (> 400) coronary calcification.

Cardiac CT angiography was performed using a collimation of 64*0.625 mm
and a rotation time of 0.4 seconds. The tube current was 240-400mA (depending on
body weight), at 120 kV. Contrast material (lobitridol, Xenetix 350; Guerbet, Paris,
France) at a flow rate of 7.0 mL/s was administered in the antecubital vein; with
volumes depending on the total scan time (80 to 110 mL). Blood pressure and heart
rate were monitored before the examination. In the absence of contra-indications,
patients with a heart rate >60 bpm were administered 50 to 100 mg Metoprolol, oral
or 5 to 15 mg Metoprolol intravenous. Bolus timing was performed by automated peak
enhancement detection in the descending aorta using a threshold of 130 Hounsfield
units. Data analysis was performed in a consensus reading by an experienced
cardiologist and radiologist who were blinded to all medical data. Image analysis was
performed on dedicated workstations for post processing and evaluation (Cardiac
Comprehensive® Analysis software, Philips Healthcare, Best, the Netherlands).

Echocardiography

An independent observer performed the echocardiogram while subjects were lying in
the left lateral decubitus position. All patients underwent standard two-dimensional
transthoracic echocardiography, including M mode, and Doppler echocardiography
(Sonos 5500, Philips Medical Systems, Andover, Massachusetts, USA). Recordings were
made in the standard projections (subcostal, parasternal long-axis, parasternal short-
axis, four-chamber apical long-axis and two-chamber apical long-axis views). Aortic
diameter, atrial volumes, ventricular wall thickness, left ventricular dimensions, left
ventricular mass, left ventricular ejection fraction, caval vein width and collapse index,
valve disorders, wall motion disorders and Doppler flow patterns of the mitral valve (E
wave, A wave) were determined in all patients according to the recommendations of
the American Society of Echoca rdiography.16
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Statistical analysis

Continuous variables are expressed as mean and standard deviation; categorical
variables are expressed as absolute numbers and percentages. Baseline variables were
compared with an independent t test (two-tailed) after performing Levene’s test for
equality of variances in all normally distributed continuous variables and Mann-
Whitney test (two-tailed) in all not normally distributed variables. Categorical variables
were tested with two-sided Fisher’s exact test. Spearman’s rank correlation coefficient
was used for testing correlation between mean Agatston score and duration of VKA
use.

All parameters showing a significant univariate relation with an increased
coronary Agatston score and those representing a plausible mechanism in terms of
calcification'” *® (age, VKA duration, left atrium diameter, posterior wall width, statins,
ACE-inhibitors) were included as covariates in a logistic regression model (retention
level set at 0.1), odds ratios and 95% confidence intervals were calculated, results
were checked for interaction (of note, aspirin was not included in the model since it
naturally mirrors VKA use in patients with atrial fibrillation). The final selected model
included the following patient variables: age and VKA duration. The discriminatory
power of the final logistic regression model was measured by the area under the ROC
curve.

Since patients were not randomly assigned to the use of VKA, we adjusted for
factors favouring VKA prescription using propensity score in order to reduce the
selection bias. We entered all confounders showing a significant univariate relation
with prescription of VKA (sex, BMI, rhythm control, LA diameter) as covariates in a
binary regression model in order to estimate the propensity score for each patient.19
This score reflected the probability that a patient would receive VKA. After fitting the
model, we ranked all patients by their estimated propensity score and grouped
patients within quintiles of equal size based on the estimated propensity score. We
calculated the hazard ratio (HR) and 95% confidence interval (Cl) for coronary calcium
score comparing within each quintile patients who received VKA treatment and those
who did not. The area under the ROC curve was used to assess the discriminatory
ability of the model and we examined the model calibration using Hosmer-Lemeshow
goodness-of-fit test.

Statistical analysis was performed with SPSS statistical software (SPSS, Inc.
release 18.0) and statistical significance was assumed for p<0.05.
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RESULTS

Baseline characteristics are shown in Table 1. Out of the total of 157 patients, 79 (50%)
had an increased coronary artery calcium score. The other 78 patients did not have
any detectable calcium in the coronary vessels. Patients with increased Agatston score
were older than those with Agatston = 0 (60 + 7 versus 54 + 9 years, p<0.001). Out of
the total of 157 patients, 71 (45%) were chronic VKA users although their CHA,DS, -
VASc score was 0 (n=55) or 1 (n=16, because of female sex category).20 The other 86
patients were not on VKA and had not used anticoagulants before. There were
significantly more VKA users among patients with increased Agatston score than in
those with Agatston score = 0 (58% versus 32%, p=0.001). The duration of VKA
treatment varied between 6 and 143 months (mean 46 months).

TABLE 1 - Baseline characteristics according to absence or presence of coronary artery calcification

Agatston 0 (n=78)  Agatston> 0 (n=79) P value
Demographics
Age (years) 54 (9.4) 60 (7.4) <0.001%
Male 52 (66.7) 56 (70.9) 0.608%
Family history of CADA 9(13.6) 8(11.6) 0.798%
SmokingA 10 (14.9) 9 (13.0) 0.808%
Systolic blood pressure (mmHg) 124 (10) 125 (11) 0.473*
Fasting glucose (mmol/L) 5.4 (0.5) 5.4 (0.6) 0.896t
Total cholesterol (mmol/L) 5.5(1.0) 5.5(1.0) 0.966*
HDL (mmol/L) 1.2 (0.3) 1.2 (0.4) 0.392%
LDL (mmol/L) 3.5(0.8) 3.5(1.0) 0.908*
Triglycerides (mmol/L) 1.7 (1.1) 1.6 (0.8) 0.8861
Creatinin clearance (ml/min) 87 (13.7) 88 (13.4) 0.699*
Body mass index (kg/m?) 27 (3.4) 27 (3.2) 0.480*
AF history (months) 61 (61) 81 (80) 0.084t
Medication
VKA 25(32) 46 (58) 0.001%
VKA duration (months) 31(17) 54 (35) 0.006t
Aspirin 46 (59) 29 (37) 0.010%
Beta-blocker 25 (33) 27 (34) 0.865%
ACE-inhibitor 8(10) 12 (15) 0.473%
Statin 11 (14) 15 (19) 0.520%
Rhythm control 50 (65) 52 (66) 0.866%
Rate control 41 (53) 40 (51) 0.873%
Echocardiography
Left atrial dimension (mm) 40 (4.7) 42 (5.5) 0.014*
Left atrial volume (mL) 70 (16.7) 79 (26.5) 0.165t
Right atrial volume (mL) 59 (20.1) 59 (21.3) 0.882t
Interventricular septum width (mm) 8.5(0.8) 8.7 (0.8) 0.166%
Posterior wall width (mm) 8.4 (0.7) 8.6 (0.8) 0.023t
Left ventricular ejection fraction (%) 61(6.2) 61 (6.4) 0.816%
Data are presented as mean (+SD) or n (%)
A First-degree relative (father, mother, sister, brother) with CAD before the age of 60 years
AN Current or past smoking
* Normal distribution, Levene’s independent samples T-test
+ Non-normal distribution, Mann-Whitney U test
¥ Categorical data, Fisher’s exact test
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In line with the low cardiovascular risk of this population no differences in clinical
characteristics were found between patients on VKA treatment and non-
anticoagulated patients (Table 2). Despite the on average normal left atrial dimensions
in both groups, atria in the VKA treatment group were significantly larger, most likely
because of longer AF history.

TABLE 2 - Baseline characteristics according to VKA use

No VKA (n=86) VKA (n=71) P value
Demographics
Age (years) 56 (9.1) 58 (9.0) 0.115%
Male 53 (61.6) 55 (77.5) 0.039%
Family history of CADA 10 (13.0) 7(12.1) 1.000%
Smoking”” 11 (14.5) 8(13.3) 1.000%
Systolic blood pressure (mmHg) 125 (10) 124 (11) 0.509*
Fasting glucose (mmol/L) 5.4 (0.5) 5.3(0.6) 0.201%
Total cholesterol (mmol/L) 5.4 (0.9) 5.5(1.1) 0.802*
HDL (mmol/L) 1.2(0.3) 1.2(0.4) 0.483%
LDL (mmol/L) 3.5(0.8) 3.5(1.0) 0.911*
Triglycerides (mmol/L) 1.6 (0.8) 1.8(1.1) 0.197t
Creatinin clearance (ml/min) 95.5 (22.2) 96.6 (21.5) 0.871*
Body mass index (kg/m?) 26.6 (3.3) 27.5(3.2) 0.145*
AF history (months) 63 (63.4) 80 (80) 0.050%
Echocardiography
Left atrial dimension (mm) 40.0 (5.1) 42.5 (5.0) 0.003*
Left atrial volume (mL) 70(22) 80 (22) 0.002t
Right atrial volume (mL) 57 (18) 62 (22) 0.243t
Interventricular septum width (mm) 8.5(0.8) 8.7 (0.8) 0.147t
Posterior wall width (mm) 8.5(0.7) 8.6 (0.8) 0.187t
Left ventricular ejection fraction (%) 61 (6.1) 61 (6.5) 0.764%
Data are presented as mean (£SD) or n (%).
A First-degree relative (father, mother, sister, brother) with CAD before the age of 60 years
AN Current or past smoking
* Normal distribution, Levene’s independent samples T-test
t Non-normal distribution, Mann-Whitney U test
¥ Categorical data, Fisher’s exact test

A total of 25 (35%) patients using VKA had a coronary artery calcium score of
zero compared to 53 (62%) patients in the non-anticoagulated group (P=0.001).
Median coronary artery calcium scores differed significantly between patients without
and patients with VKA treatment (0, interquartile range 0 to 40, versus 29,
interquartile range 0 to 184; P=0.001). Out of a total of 2.512 coronary artery
segments, 37 (1.5%) were excluded because of impaired image quality. The total
number of segments containing focal calcified lesions was 43 (3.2%) in patients not
using VKA versus 94 (8.4%) in those using VKA (P < 0.001). The total amount of
coronary artery segments containing a mixed plaque (plaque composed of a mixture of
soft plaque and calcification) was not significantly different between the non-
anticoagulated and the anticoagulated group (3.3% versus 3.5%, P = 0.567). Mean
Agatston scores increased significantly with the duration of VKA use (no VKA: 53+115;
6 to 60 months on VKA: 90+167 and >60 months on VKA: 236+278; r=0.453, P<0.001).
Figure 1 shows the dispersion of different Agatston score categories in patients with
different duration of VKA use according to different age groups.
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FIGURE 1 - Coronary artery calcium score categories in patients with different duration of VKA use according
to all patients and two different age groups. P < 0.001 for comparison between the three groups in the
pooled cohort. P = 0.031 for comparison between the three groups in patients with age < 65 years. P < 0.001
for comparison between the three groups in patients with age > 65.

Multivariable logistic regression analysis revealed that age and VKA treatment
duration (months) were significantly related to increased coronary calcium score
(Table 3). This final model had a good discriminative power with a c-statistic of 0.8. Of
note, including VKA duration as a categorical variable (no VKA, 6-60 months, >60
months) or binominal variable (VKA use yes/no) to the model did not change the
results. Repeating this analysis after addition of the propensity score as a continuous
variable did not change the effects of VKA treatment on coronary calcium score. The
propensity score model had a good discriminatory ability (c-statistic = 0.7) and the
Hosmer-Lemeshow test for goodness-of-fit was not statistically significant (P = 0.916),
which is in accordance with a good calibration.

TABLE 3 - Multivariable logistic regression analysis: demographic and clinical variables related to increased
Agatston score

OR 95% C.I. P
Age (years) 1.092 1.020-1.170 0.012
VKA duration (months) 1.028 1.002-1.055 0.034
Statin use (yes/no) 0.300 0.070-1.294 0.107
Left atrial dimension (mm) 1.048 0.925-1.187 0.461
Ace-inhibitor use (yes/no) 0.526 0.089-3.094 0.477
Posterior wall width (mm) 1.105 0.489-2.494 0.811

After matching patients according to propensity score quintiles (Q1:
<0.32388, Q2: 0.32389-0.40409, Q3: 0.40410-0.50302, Q4: 0.50303-0.57883, Q5:
>0.57883), the use of VKA was associated with an increased Agatston score in Quintile
2 (15% vs. 70%, HR = 13.222, 95% Cl 2.129-82.129, P = 0.006) and quintile 5 (50% vs.
84%, HR 5.333, 95% Cl 1.000-28.435, P = 0.050). (Table 4) In the other quintiles, a non-
significant trend of an increased Agatston score was observed in patients using VKA.
(Figure 2)
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TABLE 4 - Logistic regression results on the impact of VKA use on coronary calcification by propensity
subgroups (quintiles)

HR 95% C.I. P
Quintile 1 3.818 0.641-22.744 0.141
Quintile 2 13.222 2.129-82.129 0.006
Quintile 3 1.200 0.299-4.817 0.797
Quintile 4 1.286 0.305-5.426 0.732
Quintile 5 5.333 1.000-28.435 0.050
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FIGURE 2 - Increased Agatston score according to propensity subgroups (Q=quintiles).

In comparison with the other subgroups, patients with the most likelihood of receiving
VKA (quintile 5) were more often male, more often used anti-arrhythmic drugs, were
more likely to have higher body mass index, and had larger atrial size. (Table 5)

TABLE 5 - Significant differences in patient characteristics by propensity subgroups (quintiles)

Q1 (n=33) Q2 (n=30) Q3 (n=33) Q4 (n=30) Q5 (n=31) P
Male 4(12) 18 (60) 28 (85) 27 (90) 31 (100) <0.001
BMI (kg/mz) 25+4 26+3 27+3 28+3 2913 <0.001
Rhythm control 12 (36) 15 (52) 21 (64) 26 (87) 28 (93) <0.001
LA diameter (mm) 35+3 39 +4 41+3 4443 4743 <0.001

Data are presented as mean (£SD) or n (%). BMI: body mass index; LA: left atrium.
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DISCUSSION

This is the first study showing that AF patients using VKA despite a low vascular risk
show increased levels of coronary calcification. Mean coronary artery calcium scores
were highest in patients with longest VKA use and logistic regression analysis indicated
VKA use, together with age as independently related to increased coronary calcium
score. These results suggest that chronic use of VKA may enhance potentially harmful
coronary calcification in a subset of low risk AF patients.

Vitamin K antagonists and arterial calcification

Vitamin K is an essential micronutrient that serves as a cofactor for the transformation
of selective glutamic acid residues into y-carboxyglutamic acid (Gla) during the
biosynthesis of the so-called Gla-proteins.”* Matrix-Gla-protein (MGP), a vitamin K-
dependent protein, is produced by vascular smooth muscle cells (VSMCs) and
chondrocytes.21 MGP is one of the strongest inhibitors of soft tissue calcification due
to an effect on bone morphogenetic protein type 2 and binding of mineral and mineral
ions in the matrix.” It has been demonstrated that MGP-deficient mice develop
extensive medial calcification of the arteries.’ In animal studies, the use of warfarin, a
VKA derivative induced inactive MGP and subsequent vascular calcification.'®
Circulating MGP levels are inversely correlated with the severity of coronary artery
calcium as assessed by electron-beam computed tomography.® ° Recently Koos et al
suggested that long-term VKA treatment may decrease circulating MGP levels leading
to increased aortic valve calcifications.”” The excess coronary calcification as seen in
our study might be mediated through inhibition of MGP carboxylation by VKA's.

The role of calcification in coronary artery disease

Pathomorphologically, there are at least two distinct forms of vascular calcification.
Intima calcification of the coronary arteries (atherosclerosis) is an active process and
can be seen in more advanced stages of atherosclerotic plaque development.23' 1t
occurs only at sites of atherosclerotic plaques, where there is already a combination of
cellular necrosis, inflammation and cholesterol deposition, and is more frequent in
advanced lesions and in the eIderIy.ZS’ %® Calcification of the media (arteriosclerosis),
also known as Mdénckeberg’s sclerosis, can occur independently of atherosclerosis and
is almost exclusively associated with VSMCs.” It is particularly common in the setting
of metabolic disorders such as diabetes mellitus and chronic kidney disease. Besides, it
is shown that MGP expression is lower in the media of arteries of patients with
Monckeberg’s sclerosis than in normal vessels.”® Cardiac CT is unable to directly
distinguish between medial and intimal calcification, as the minimal voxel size for 64-
slice scanners has been reported as 0.4 mm® (using dedicated acquisition techniques,
e.g. z-flying focal spot).”® In this study, we showed that focal calcifications were
significantly more prevalent in the VKA treatment group, which could be an expression
of inactive MGP induced medial calcification. Irrespective of the above it must be
noted that calcification, independent from mixed or focal pattern, is a well-established
cardiovascular risk factor.
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Apart from age, we revealed an independent relation between coronary
artery calcification and VKA. This implicates that the use of VKA in low risk AF patients
accelerates the process of calcification and atherosclerosis in patients with heretofore-
unknown CAD.

The exact contribution of coronary artery calcification to the stability of
atherosclerotic plaques is not clearly defined. Some studies describe that plaque
calcification initially destabilizes a plaque by providing areas of interface between high
and low density where a plaque is more prone to rupture.30 Plaques may also rupture
because of physical stress exerted by calcified nodules.’” ** However, calcification may
also represent beneficial scaffolding which could be seen as protective by
strengthening atherosclerotic plaque prone to rupture. But still then enhancing the
process of calcification by VKA may promote vasomotor dysfunction in the coronary
arterial tree.

MSCT is a non-invasive technique that can easily detect CAD at its earliest
stages reflected by the presence and severity of coronary artery calcification.® ** The
coronary artery calcium score is an important marker which is used to identify a high
risk group of asymptomatic patients who have clinically important silent ischemia.”
Even a low coronary artery calcium score could provide information about the vascular
status of a patient. Minor lesions in the main coronary arteries could be a sign of
advanced vascular disease in the microvasculature, which may lead to important
ischemia, possibly even influencing the AF substrate. A recent meta-analysis among 30
prospective studies revealed that the presence of calcifications is associated with a 3-4
fold higher risk for mortality and cardiovascular events.>*?*’

Low risk atrial fibrillation and the use of vitamin K antagonists

VKA are among the most widely used drugs to prevent stroke in AF. However, the
long-term effects on coronary artery calcifications have not been studied in detail. AF
is often associated with vascular disease; in particular hypertension, coronary artery
disease and diabetes mellitus. A large population-based study recently showed that
there is a high prevalence of AF among patients with, or at high risk of,
atherosclerosis.*® The same study found that AF in patients with CAD was associated
with a major increase in cardiovascular mortality and morbidity. Even in lone AF
vascular complications have been described in 50% of patients during long term
follow-up.39 Besides, atrial myocardial perfusion abnormalities are common in patients
with lone recurrent AF.*’ These data suggest that a significant proportion of low risk AF
patients is susceptible to vascular disease and that every effort should be taken to
avoid and control risk factors. Considering the findings of our study and the fact that
many low risk AF patients are overtreated with VKA in clinical practice *, future
studies need to clarify the risks VKA treatment represents in terms of coronary
calcification. Until then overtreatment should be avoided, especially in the young low
risk AF patient whom faces a lifelong career as a VKA user. In this respect, new
anticoagulants such as Dabigatran may form a welcome alternative.*”**
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Study limitations

This study has several limitations that should be reported. At first, this is a cross-
sectional analysis. A cause and effect relationship could therefore not be investigated.
Secondly, vitamin D and parathyroid hormone (PTH) homeostasis and serum matrix-
GLA protein were not studied but could have added to understanding biological
pathways leading to VKA induced calcification. On the other hand, it is likely that
vitamin D or PTH homeostasis in this low risk population with normal renal function
would probably be normal or near normal and therefore would not change the results
significantly. Thirdly, no follow-up data are available at this point. However, the
strength of our study is that we selected low risk AF patients to reduce the impact of
associated vascular disease usually seen in high risk patients, thereby enhancing
identification of potentially deleterious effects of VKA. In previous studies, patients
with advanced disease were studied focusing on valve and vessel wall.> ** However,
showing an independent effect of VKA may be impossible in these patients because of
other calcification processes related to their vascular or valvular disease.

This was a small non-randomized study. While the findings are potentially
very important, the results should not be overstated. Although we optimally tried to
take into account the selection bias for those who did vs. those who did not receive
VKA by means of multivariable modelling and propensity score analysis, both
techniques cannot account for unknown or unmeasured potential confounding
factors. Moreover, the effect of VKA on coronary calcification was not entirely
comparable within propensity score quintiles. We have no clear explanation for these
imbalances other than the low patient number per quintile. Nevertheless, we would
like to emphasize that three out of five quintiles show a clear difference regarding
increased Agatston score in VKA users and there is a trend towards the same finding in
the other 2 quintiles. In addition one should also bear in mind that all these patients
actually had no strict indication for oral anticoagulation since they had low risk AF.

A long-term large-scale randomized study may corroborate our results even in
high-risk patients, in particular by comparing VKA to one of the new oral
anticoagulants.

CONCLUSION

Patients using VKA despite a low risk of cardiovascular events show increased levels of
coronary calcification as detected by computed tomographic angiography. A long-term
large-scale randomized study is needed to corroborate the current observations.
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EDITORIAL

As Weijs et al.! have described, most patients diagnosed with paroxysmal atrium
fibrillation (AF) are currently treated by prescribing life-long use of vitamin K
antagonists (VKAs) to prevent thrombo-embolic complications.” By applying minimal
invasive multislice computed tomography (MSCT) imaging, the authors found a
possible adverse treatment effect in patients who were receiving VKAs for relatively
longer, showing significant higher levels of calcium in their coronary arteries compared
with patients with a shorter time on VKAs. This could have serious consequences for
current clinical practice.”

In contrast to many other patient populations with cardiovascular diseases, a
subgroup of patients exists in which AF is diagnosed at a relatively young age. With this
in mind, the long-term safety of the pharmaceutical treatment (in this case
prevention) is therefore of great importance. Until recently, the effects of long-term
treatment strategies on coronary vessel wall morphology, whose primary objective is
not to be used to treat coronary artery disease (CAD), were impossible to study in
humans other than by using invasive coronary imaging techniques such as
intravascular ultrasound (IVUS) or optical coherence tomography (OCT).>* These
modalities can only be used in conjunction with invasive coronary angiography, which
obviously will not be performed unless there is an indication for the presence of CAD.
Furthermore, it would be necessary to image the complete coronary artery tree, which
is not an easy task for catheter-based imaging modalities, and consequently a
challenging and tedious analysis is required. A good example is the study design of the
PROSPECT trial.” Fortunately, there is also currently the possibility to image these
patients by applying minimally invasive coronary MSCT,6 elegantly described by Weijs
etalllt entails, within its limitations, imaging the complete coronary artery tree in a
rapid fashion. In contrast to invasive coronary angiography, there is only the need to
administer a small amount of contrast medium intravenously to visualize the coronary
artery lumen,” and naturally radiation exposure is a factor, and is not completely
neglible.8

Applying minimally invasive coronary MSCT imaging, within a population of AF
patients with low cardiovascular risk, Weijs et al. observed that patients who are
receiving VKAs for relatively longer have significantly more coronary calcification
compared with patients who are receiving this treatment over a shorter time span
(Figure 1). Corroborating experimental data suggest that VKAs may decrease the
activity of matrix GIa-protein,9 a strong inhibitor of soft tissue calcification. The authors
concluded that the patient population of low risk AF who are on VKAs needs to be
studied more in depth to judge if the current treatment strategy needs to be adapted
to other possible options. The authors’ finding requires and justifies a randomized
long-term study to corroborate their data and to evaluate if a change in treatment
strategy would be warranted by, for example, a change to one of the new
anticoagulants as suggested by the authors.
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Serial examinations

In case of possible event

FIGURE 1 - (A) A cross-sectional multislice computed tomography (MSCT) image of a
calcium score scan. Due to the high attenuation of calcium in MSCT scans it can be
detected easily as bright areas within the images, as indicated here by **, of calcium
present in the proximal left anterior descending (LAD). This is the examination set-up as
described by Weijs et al." (B) A three-dimensional (3D) reconstruction of this calcium
score acquisition in a similar projection to the 3Dreconstruction of the contrast
enhanced scan in (C). Using this contrast-enhanced scan the LAD can be extracted from
the MSCT image data and a comprehensive longitudinal reconstruction of the LAD (D)
can be computed. Ideally these examinations should be performed longitudinally so
that serial changes of the coronary artery vessel wall morphology could be evaluated
over time. In such a fashion not only could the changes in the amount of calcium be
detected but also serial remodelling of lesser-advanced stages of coronary artery
disease and its development can be followed. In the case where a patient in this
population suffers a coronary event which needs an intervention, then an additional
intracoronary imaging examination, such as presented here by applying intravascular
ultrasound (IVUS) (E and F), could reveal more details of the location of the calcium and
other plaque components. D and E, and F and G are matched, so there is a one-to-one
link between these images. The different appearances of the calcium, bright-
exaggerated areas in MSCT (D and F), and bright rims with shadowing behind in IVUS
(E and G), can be appreciated.
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Rapid developments in coronary imaging have made it possible to study a
variety of treatment effects as described by the authors. The newer generation of
MSCT scanners are able to image the coronary artery tree at high speeds by using
more detectors (320-slice scanners), avoiding motion artifacts, and, even more
importantly, at much lower radiation levels compared with the scanners of the recent
past.® One could suggest that those patients who need to undergo treatments which
might have an effect, negative or possibly even positive, on the coronary artery vessel
wall morphology should be imaged in a standard way by MSCT. When performed prior
to the commencement of a treatment this would allow observers to study serial
patient-specific changes (Figure 1). Many longitudinal IVUS studies suggest that there
might be an improved accuracy to detect treatment effects by applying serial
measurements as opposed to being limited to only an individual measurement at one
single point in time.'® Unfortunately, the calcium score, known as the Agatston score,™
applied by Weijs et al." was measured at one single time point only and so differential
changes in coronary artery calcification levels in individual patient are lacking (Figure
1). Although the patients were relatively young, it cannot be excluded that they
already had significant CAD present at the time of the start of the VKA treatment, as
has been shown in the past.> A repeated (e.g. differential) measurement would
therefore be of utmost importance in future studies investigating the current
hypothesis of the suspicion of the effects of VKAs. Although the authors present their
findings as an adverse effect, it has been shown in IVUS-driven studies that increased
levels of plaque calcification accompanied by negative coronary vessel wall remodeling
could be signs of plaque stabilization.'® These are questions left unanswered in the
study of Weijs et al. which need to be addressed in future studies.

Another intriguing aspect arose from the study of Weijs et al.: what is the
underlying mechanism here? Although MSCT is very sensitive at picking up coronary
calcification, it cannot determine the precise location of the calcium within the
coronary artery. Due to the high attenuation values of calcium it is visualized as
exaggerated very bright areas, making it difficult to determine their exact location in
the coronary artery (Figure 1). As the authors describe it could be within coronary
plaques, which is atherosclerosis, but it could also be within the media, called
Monckenberg disease. This distinction can only be made by use of intravascular
imaging modalities (Figure 1). Therefore, it would be of great importance if patients on
long-term VKA therapy who might end up with CAD requiring a coronary intervention
should be also be additionally imaged by IVUS and/or OCT; the PROSPECT trial® was
designed in a similar fashion. Although it must be emphasized that these intravascular
imaging modalities are not the gold standard, which is still histopathology, when
applied as a complementary imaging tool they could be of great added value.
However, care must be taken as these intracoronary imaging methods also need
specific methods of analyses as they also suffer from calcium-related imaging
artefacts® (Figure 1). In contrast to MSCT, IVUS shows calcium as bright rims with dark
areas behind them (called acoustic shadowing). However, due to the tomographic
cross-sectional imaging of the vessel, it allows accurate determination of the location
of calcification as compared with MSCT (of course in cases where the vessel is not
circumferentially calcified over long Iengths).3
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As long-term randomized controlled trials will take several years, another
possibility to investigate the association between long-term use of a VKA and
calcification is to use MSCT data from existing hospital databases. By applying
propensity analyses, it is feasible to compare patients treated with a VKA with patients
not treated with a VKA in larger cohorts of patients compared with the study of Weijs
et al., investigating more in depth by increasing the power of the study whether the
use of a VKA really induces increased levels of CAD.

The study by Weijs et al. ‘tickles’ scientific curiosity to determine what exactly
is taking place in this particular patient population who are on long-term VKAs.
However, from a cost—benefit approach we are facing difficult financial times in which
it can be tough to justify the extra diagnostics, and their financial costs, required to
perform these (in our opinion) necessary evaluations. We do hope that the evidence
presented in the study of Weijs et al., and published in such an authoritative journal as
the European Heart Journal, could serve to convince those who are mandated to
authorize the necessary finances for the extra diagnostics for these types of long-term
follow-up studies. These studies are needed to learn and study, and, perhaps even
more importantly, to prevent a patient’s exposure to possible adverse treatment
effects, which were unexpected at the time of the start of the treatment.
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General reflection of this thesis

The term idiopathic atrial fibrillation (AF) is commonly used, but the correctness of this
designation is doubtful. Indeed the arrhythmia may appear in the young and
apparently healthy, and it is thought that these idiopathic AF patients have a good
prognosis with low risk for comorbidities and major adverse events."> However, since
AF in general is associated with underlying cardiovascular disease and cardiovascular
events such as stroke and myocardial infarction, the ‘idiopathic’ type of the arrhythmia
may act as a whistle-blower of subclinical heart disease.

This thesis provides more insight in the fundamental basis for idiopathic AF
and questions the robustness of its definition. Therefore, we described characteristics
of the atrial electro-mechanical substrate in idiopathic AF patients, studied clinical
patient profiles and follow up in a large clinical cohort with idiopathic AF, and - in the
hunt for concealed root causes of idiopathic AF - the presence and occurrence of
cardiovascular disease in these patients were studied. The present chapter critically
reflects the obtained results and proposes future research topics.

Idiopathic atrial fibrillation: trigger, substrate or interplay?

The electrocardiogram is one of the simplest, oldest and cheapest cardiac
investigations available, yet it can provide a wealth of useful information and remains
an essential tool to evaluate the heart as it is able to identify the majority of cardiac
diseases.? As the clinical presentation of various supraventricular tachycardias may be
similar to AF (dyspnoea, palpitations, fatigue, dizziness), confirmation of the presence
of the arrhythmia by means of electrocardiography is vital.” ® AF can be easily
diagnosed on the surface electrocardiogram by means of characteristic features as
absence of evident atrial activity (P waves) together with irregular R-R intervals.
However, the electrocardiogram does not provide much information on the many
possible causes and mechanisms of the arrhythmia in the individual patient. In fact,
since AF is associated with an impaired prognosis, and different treatments of the
arrhythmia itself (rate vs. rhythm control) do not affect outcome, it is clear that AF is a
more complex entity than a sheer electrocardiographic phenomenon.ﬁ'9 Besides, the
progressive nature of AF is partly caused by AF itself, but also reflects progression of
underlying structural heart diseases. This mandates the search for underlying root
causes and mechanisms of the arrhythmia.

AF can be initiated by either a single source or by multiple sources. In case of
single source AF, the arrhythmia is driven by an automatic focal discharge (often
located in the myocardial ‘sleeves’ of the pulmonary veins), or a single re-entrant
circuit (i.e. a mother wave: a single stable macro re-entrant circuit with a short cycle
length). On the other hand, AF may be initiated by automatic foci at multiple sites,
multiple circuits, multiple wavelets or a combination of foci and wavelets.'>*

Moe and co-workers emphasized the role of independent wandering wavelets
in the persistence of AF.” Their multiple circuit re-entry model has been the dominant
model of AF for years and is still considered to be of major importance for
maintenance of AF. At a certain wavelength, i.e. the product of refractory period and
conduction velocity, large atria can harbour more independent re-entrant wave fronts.
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On the other hand, a reduction in conduction velocity or refractory period reduces the
wavelength, which will increase the number of wave fronts in atria of a certain size. An
enlarged atrial volume and a reduced conduction velocity will lead to an increase in
the total atrial conduction time (TACT). Therefore, a prolonged TACT may express a
substrate vulnerable for AF.

All in all, apart from an initiating trigger, AF often requires an underlying
substrate.”* Numerous clinical conditions (table 1) contribute to a progressive process
of atrial remodelling (via changes in ion channel function, ca® homeostasis, cellular
hypertrophy and fibrosis). These alterations may both favour the occurrence of
triggers for AF that initiate the arrhythmia and enhance the formation of an atrial
substrate for AF that promotes its perpetuation.ls’ 17,25

TABLE 1 -clinical conditions and risk factors associated with atrial fibrillation.” > 2**?
Ageing NON-MODIFIABLE | Blood pressure
Male gender Auto-immune disease
Hypertension MODIFIABLE | Increased sympathetic activity
Heart failure Obesity LIFESTYLE
Valvular heart disease Stature
Coronary heart disease Alcohol
Diabetes Mellitus Coffee
Thyroid dysfunction Drugs
Renal dysfunction CLINICAL | COPD (smoking)
Other arrhythmias CHARACTERISTICS | Endurance sports
Cardiomyopathies Family history GENETIC CAUSES
Pulmonary disease Channelopathy
Sleep apnoea Birth weight >4kg NEWER RISK
Congenital heart Preclinical atherosclerosis FACTORS
disease
Malignancy Anger and hostility

With regards to idiopathic AF, it is thought that in particular the young
idiopathic AF patient suffers from so-called ‘focal AF’, initiated by triggers that can be
localized at preferential sites (mainly the pulmonary veins), whereas in the older
idiopathic AF patient the interaction between trigger and substrate prevails.lo’ 12,43, 44
However, in the healthy elderly, late onset idiopathic AF may occur like in the younger
patients simply because also trigger mechanisms occur at a later age in the absence of
advanced substrate development (CHAPTER V). These patients may however more
often show persistent or permanent AF since older patients may harbour subtle signs
of atrial substrate with more advanced fibrosis, usually associated with somewhat
larger left atrial size. The latter was not apparent in our population, i.e. there was no
significant difference in atrial sizes as measured with echocardiography, also not after
correcting for body mass index or height of the patients (Figure 1).
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FIGURE 1 - Total AF history (in days) and left atrial size (in mm) according to age.

The triggers that underlie focal AF often originate in extensions of left atrial
myocardium in the pulmonary veins (a.k.a myocardial sleeves).’® > **>% |t has been
shown that some pulmonary vein myocytes show characteristic features of pacemaker
cells, like in the sino-atrial node, favouring enhanced automaticity as causal
mechanism of the arrhythmia."s‘ 152 15 addition, triggered activity could also play a
crucial role. This is defined as pacemaker activity that arises after an initial impulse has
been generated within the myocyte and manifests as either early or delayed
afterdepolarizations.'” > Although both enhanced automaticity and triggered activity
represent a plausible explanation for the onset of focal AF, the literature omits data
why idiopathic AF eventually emerges.
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The majority of studies regarding pulmonary vein activity indicate that the
pulmonary veins are not spontaneously active under normal conditions, but
automaticity and triggered activity can be induced by a high adrenergic state or certain
treatment.”">® Further, both Hassink and Saito showed that myocardial extension in
the pulmonary veins is present not only in patients with AF, but also in the majority or
even every single sinus rhythm control patient.*®* Given the fact that the anatomical
substrate for ectopic foci is present in both AF patients as well as controls, it seems
obvious that additional factors are necessary to “trigger the triggers” and initiate
idiopathic focal AF. In this respect, the findings that the peripheral zone of myocardial
sleeves contains extensive fibrosis and that hypertrophic myocytes are often present
in AF patients, may be significant from an electrophysiological point of view.*® 49 %
These findings suggest that even in the idiopathic focal AF patient subclinical
cardiovascular conditions (e.g. atrial ischemia, ageing, masked hypertension) might
create an early — concealed — atrial substrate facilitating automaticity and maybe also
triggered activity (i.e. a concealed substrate to evoke triggers, Figure 2).

'y
% First AF episode
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= = Older idiopathic AF patient
%)
o
w
[C]
4
o ;:
|-
/
7
— — /
NO CONCEALED I OVERT 1

=P  SUBSTRATE
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FIGURE 2 — Relation between the degree of underlying (concealed) substrate and triggers with regards to
the first idiopathic AF episode in the young and older patient.
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Since an atrial substrate for AF implies, in essence, a prolongation of the
TACT, we developed a highly reproducible and non-invasive echocardiographic tool to
determine the TACT (the PA-TDI interval or PA-TDI: defined as the time interval
between the onset of the electrocardiographic P wave in lead Il and the peak of the A’
wave on the atrial tissue Doppler velocity curve from the left atrial wall). This method
is able to predict the development of new-onset AF in a cardiologic outpatient clinic
population (CHAPTER II).60 Several well-known clinical cardiovascular conditions
contribute to intra-atrial conduction delay; this was studied by means of PA-TDI in
CHAPTER 111.* According to the evidence above, we subsequently hypothesized that
even in the idiopathic AF patient (in absence of cardiovascular or pulmonary disease)
an early atrial substrate may be present. We studied the electrophysiologic properties
of the atria in patients with idiopathic AF using tissue Doppler imaging and found that
despite the healthy nature of the AF patients and comparable atrial sizes, TACT was
significantly prolonged compared to matched healthy sinus rhythm control patients
(CHAPTER IV).62 Since there was only a limited correlation between AF duration and
left atrial size, the increased conduction time could therefore — apart from previous
episodes of AF - be an expression of early and subclinical underlying cardiovascular
disease creating a concealed substrate for triggers.

Vascular disease or arrhythmia?

During the embryologic development of the heart, the primitive single heart tube -
which eventually folds into the complex four-chambered heart - originates from the
first intra-embryonic vasculature.®® Basically, the heart used to be a blood vessel. AF is
a disorder of the heart, which is strongly associated with vascular complications such
as stroke, heart failure and myocardial infarction, and in fact these complications form
the major threat of the arrhythmia.> > **®” This raises the question if AF should be
regarded as a vascular disease or as part of a vascular syndrome rather than an
arrhythmia?

Since all rate vs. rhythm control trials have shown that a rate control
approach is not inferior for prevention of morbidity and mortality in AF patients, there
is no evidence that the arrhythmia itself deteriorates outcome in AF patients.g‘ 6871 A
present it is an unsettled issue whether early and effective ablation of AF reduces
major cardiovascular and cerebrovascular events (MACCE). Currently, ablationists have
focused their hope on the notion that the burden of AF, i.e. the number and duration
of AF episodes, is linked to MACCE.”>”® By reducing the AF burden by early ablation,
MACCE might thus be reduced. This is the key question in the upcoming EAST and
CABANA trials. The notion that AF is a vascular disease is supported by the fact that
vascular treatments (rather than arrhythmia interventions) including anticoagulation,
statins and inhibition of the renin-angiotensin system prevent AF recurrences and AF
associated major adverse cardiovascular and cerebrovascular events (MACCE).76’82
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There is evidence for atrial vascular dysfunction in patients with AF and atrial
ischemia has been linked to occurrence of the arrhythmia.39‘ 8388
Atrial ischemia may create a substrate for AF by causing fibrosis and scarring of the
atrial wall, resulting in areas with reduced or even blocked conduction. Ischemia itself
may also contribute as it shortens the refractory period and decreases conduction
velocity in the atria, potentially facilitating re-entry processes.® In addition, atrial
ischemia may cause atrial triggers due to abnormal automaticity. Intermittent
ischemia may also lead to ventricular diastolic dysfunction resulting in increased atrial
filling pressures thus promoting AF by several mechanisms.*® However, the association
between vascular disease and AF might also be related to common mechanisms
underlying both atherosclerotic alterations and proarrhythmic mechanisms. Several
pathophysiological mechanisms, like enhanced oxidative stress or inflammation, are
both involved in vascular remodelling and extracellular tissue formation potentially
leading to conduction disturbances and AF."” %%

The clinical relevance of concealed coronary vascular disease in patients with
idiopathic AF is as yet not known. Very long term follow-up of idiopathic AF patients in
the Olmsted county study showed that half of patients develop MACCE . Annual
cardiovascular morbidity and mortality with idiopathic AF in the RACE and Belgrade AF
Study was approximately 4%.% Conceivably, hidden vascular disease is the basis for
these events in idiopathic AF patients. In addition, it may be conjectured that
idiopathic AF patients with concealed vascular disease have a worse arrhythmia
prognosis since the vascular disease may be implicated in causing either AF itself or
enhance symptoms during arrhythmia attacks.

In CHAPTER V we found that idiopathic AF was not associated with an adverse
1-year prognosis. In contrast, the presence of isolated mild hypertension in absence of
significant atrial remodelling in otherwise comparable “idiopathic” AF patients seemed
of prognostic importance since it was associated with 6% 1-year stroke rate.” Finding
low risk of short-term morbidity in idiopathic AF is consistent with other studies,
suggesting that the majority of the serious morbidity associated with AF is more likely
due to associated yet subclinical medical conditions rather than AF itself.” % In
CHAPTER VII we followed patients originally diagnosed with idiopathic AF for the
development of cardiovascular disease during 5-year follow-up. It is remarkable that
these “supposed-to-be” healthy patients turned out to develop cardiovascular disease
significantly more often, at younger age, and with a more severe disease profile
compared to healthy sinus rhythm controls. This ratifies our hypothesis that idiopathic
AF might be a first manifestation of underlying subclinical cardiovascular disease,
which eventually will determine outcome.

In order to find out whether early stage vascular disease could be a concealed
root cause of so called “idiopathic” AF, we studied the presence of subclinical coronary
artery disease by means of coronary CT angiography in idiopathic AF patients and
compared our findings to a matched sinus rhythm control population (CHAPTER VIIl).
We found that half of patients originally diagnosed with idiopathic AF showed
concealed underlying CAD.
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With this in our mind, rather than considering AF to be a sole
electrophysiological problem, which we can solve by means of ablation, we have to
face the scope of the vascular consequences that accompany the arrhythmia. In other
words: “It is a matter of getting the message of progressive deleterious vascular
remodelling in stead of shooting the messenger AF.”

Does the current knowledge affect current treatment modalities?

Since the management of patients with AF is aimed at reducing symptoms and
preventing complications, it relies on antithrombotic therapy, control of ventricular
rate, and adequate treatment of concomitant disease.” > The findings of this thesis
could have clinical implications on current AF management.

The risk for stroke is increased five-fold in patients with AF. Oral
anticoagulation by means of vitamin K antagonists (VKA) is highly effective in
preventing these thromboembolic events in patients with AF.”*° However, these
agents have major limitations necessitating frequent monitoring and dietary and drug
restrictions. Besides, the use of VKA may be associated with serious side effects such
as haemorrhagic stroke. In order to guide adequate anticoagulant treatment, stroke
risk stratification of the individual AF patient is obligatory. During the past years,
various risk factors have been identified as contributing to the risk for stroke in AF.
This resulted in multiple stroke risk stratification schemes of which CHA,DS,-VASc
(acronym: congestive heart failure, hypertension, age >75 [doubled], diabetes, stroke
[doubled], vascular disease, age 65-74, and sex category [female]) is the most recent.”
> 100,101 Ag the opinion regarding potential stroke risk factors has changed over the
years, the indication for oral anticoagulation in AF shifted continuously towards a
lower threshold. Currently, only AF patients showing a CHA,DS,-VASc score of zero —
i.e. idiopathic AF — do not require oral anticoagulation therapy.s’ 1ot

Obviously, information about the absence of congestive heart failure,
hypertension, older age, diabetes, previous stroke, and female sex is easy to obtain.
However, the question is how active one should search for the presence of underlying
subclinical vascular disease in order to comply with a true CHA,DS,-VASc score of zero.
This could be viewed in the light of the fact that, peripheral artery disease and
myocardial infarction, but also complex aortic plaque all increase thromboembolic risk
in AF and hence necessitate oral anticoagulation.s’ 1021198 gome of these conditions
remain concealed for absence of clinical signs and symptoms, but should obviously be
searched for with the standard diagnostic program. In how far new diagnostic
modalities like CT-angiography — able to detect early preclinical vascular disease —
should be used in stroke risk stratification is at present unknown.

66, 67
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FIGURE 3 - Example of cardiac CT imaging (left: raw data; right: volume rendered image).
A, non-significant mixed plaque of the proximal left anterior descending artery (LAD) with
outward remodelling; B, significant mixed plaque of the LAD, distal to diagonal branch.
(Ao, aorta; RCX, circumflex artery; RCA, right coronary artery)

Cardiac computed tomographic angiography (CTA) is a non-invasive technique
that can easily detect CAD at its earliest stages, reflected by the detection and
quantification of coronary artery calcification and the possibility to characterize non-
calcified coronary atherosclerotic plaques (Figure 3).""'° The presence of (coronary)
calcification as determined by CTA is associated with a three- to four-fold higher risk
for mortality and cardiovascular events."*** Currently, performing CTA in AF patients
to rule out vascular disease is not considered common clinical practice. In other words,
one can never be sure if CHA,DS,-VASc score is truly low. Our data (CHAPTER VIII) that
half of patients originally diagnosed with idiopathic AF show concealed underlying
CAD, suggest that many AF patients in fact are incorrectly considered to be at low risk
for stroke. The use of CTA may decrease undertreatment of oral anticoagulants in
these patients. The basis for such strategy is — we admit — narrow, because of the lack
of decent follow up in randomized controlled trials studying the potential benefit of
vascular and antithrombotic therapy in patients with the presence of CTA-CAD (both
for AF as SR patients).

Being sure to meticulously rule out the presence of vascular disease in AF
patients is also worth performing CTA since overtreatment with vitamin K antagonists
in absence of stroke risk factors including vascular disease may enhance
atherosclerosis by several mechanisms.”™® ™’ VKA counteract not only the
procoagulant clotting factors Il, VII, IX, and X, but also the anticoagulant and anti-
inflammatory proteins C and S, which are vitamin K dependent. Diminished function of
these proteins is associated with increased incidence of venous and arterial
thromboembolic events and enhances atherosclerosis.'*® 11 Further, VKA enhance
tissue calcification by decreasing the activity of vitamin K dependent matrix-y-
carboxyglutamic acid (GLA) protein, a strong inhibitor of soft tissue calcification.'***%
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These drugs have been associated with increased levels of (coronary) vascular
calcification in low-risk (AF) patients.m’ 7 1n this respect, the new anticoagulants
(dabigatran, rivaroxaban and apixaban) may form an attractive alternative in the
patient with AF and vascular disease since these agents directly inhibit only a single
coagulation factor instead of multiple by interfering in vitamin K homeostasis.'****°

The presence of coronary artery disease in AF patients also has consequences
for pharmacological rhythm control. Many patients with AF may be candidates for
drug therapy with class Ic antiarrhythmic drugs such as flecainide or propafenone.
These drugs can be proarrhythmic, particularly in the setting of myocardial ischemia or
previous myocardial wall infarction.”™" For this reason, the presence of CAD has been
regarded as a relative contraindication for the use of class Ic antiarrhythmic drugs. This
holds especially since these patients may have a (concealed) ventricular substrate or
develop a substrate once unstable plaques develop with acute and chronic myocardial
ischemia. Indeed, it has to be elucidated whether the presence of CAD as determined
by CTA in AF patients has the same consequences as CAD determined by conventional
angiography. In addition, it is uncertain whether CTA-CAD without a detectable
ventricular substrate (e.g. by echocardiography or cardiac magnetic resonance
imaging) should be considered a contra-indication for class Ic drugs. At this point, it is
preferable to avoid these drugs in AF patients with known CAD (including CTA-CAD). A
lot of satisfied class Ic drug-users have had no additional imaging of the coronary
arteries, from a practical point of view there is as yet no reason to cease these drugs in
these patients, as long as patients are aware of alarming symptoms and a ventricular
substrate has been ruled out as much as possible.

With the advent of new stroke risk stratification schemes that incorporate
new risk factors, the guidelines on the management of atrial fibrillation not only
should address recommendations on the antithrombotic treatment regimens in AF
patients, but also give direction on how to diagnose separate stroke risk parameters.
Especially since the difference between lifelong need for anticoagulant therapy or no
antithrombotic therapy at all is based on only a single risk factor. Further, the
probability of stroke in young patients with idiopathic AF appears to increase with
advancing age or development of hypertension or vascular disease, emphasizing the
importance of re-assessment of risk factors for stroke over time (CHAPTERS V and VII).

Currently, the proposed diagnostic work-up in AF patients consists of an
echocardiogram, exercise test, 24-hour rhythm monitoring, measurement of blood
pressure, and a full blood count (including thyroid function test, creatinin, and fasting
glucose measurement).” One could argue whether or not the proposed diagnostic
tests are able to rule out the presence of hypertension and vascular disease as defined
within the CHA,DS,-VASc score. At present it is almost medieval to rely on a single in-
office blood pressure measurement to detect or rule out the presence of arterial
hypertension (CHAPTER VI). With 24-hour ambulatory blood pressure monitoring
(ABPM) easily available in clinical practice, physicians should not fail to use these
reliable and patient friendly tools to exclude specific cases of masked hypertension.
With respect to the importance of vascular disease on prognosis in AF patients, one
should doubt whether an exercise test is the appropriate diagnostic test to rule out
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underlying vascular disease in these patients. Cardiac CT angiography can easily detect
CAD, and has incremental value over clinical predictors and exercise testing.”*> "> In
the past years, CTA technology has developed rapidly, resulting in high-resolution
imaging of the coronary arteries and surrounding structures at low radiation dose.
Especially, new generations of scanners (dual-source CT) and the availability of dose
modulation and prospective ECG gating have drastically reduced patient radiation dose
with excellent image quality.1°7’ B413% 1n addition, since CAD is associated with
peripheral artery disease and complex aortic plaque, CTA could therefore be used as a
marker for the presence of vascular disease in order to enhance individual stroke risk
assessment in the patient with AF.

FUTURE PERSPECTIVES

Given that AF is the final arrhythmic expression of underlying vascular diseases such as
arterial hypertension and CAD, it should be classified as a vascular disease. In order to
prevent our patients from AF progression or AF related complications, high priority
should be given to understand identifiable predisposing factors, to characterize the
type of AF in the individual patient, and to detect root causes of AF in such a way that
preventative measures can accurately be deployed.

The traditional risk factors associated with AF are no longer the only
conditions that we must consider in the evaluation of causal factors in a patient with
first detected AF. Large clinical trials will need to evaluate the benefit and cost-
effectiveness of standardization of the use of more advanced diagnostic tools, such as
ABPM and CTA, in the diagnostic work-up of early AF patients, and whether an
aggressive treatment of underlying subclinical vascular disease will improve the
prognosis of these patients. Besides, as diagnostic modalities improve, it will get easier
to detect (early stages of) predisposing cardiovascular disease. Hence, it seems almost
impossible to diagnose a patient with AF in absence of any underlying possible causal
factor. In this respect, adhering to the term ‘idiopathic AF’ seems obsolete. Since AF is
not a benign condition and its increased stroke risk forms the major threat, it would be
worthwhile to study the clinical applicability of classifying AF patients on their
individual risk profile for the development of MACCE. In this case, the now outdated
term ‘idiopathic AF’ could be changed for instance into ‘low-risk AF’ in those cases in
which underlying pathologies are assuredly excluded.

Novel non-invasive (imaging) modalities have become available that are able
to obtain information about the atria, the AF substrate and AF complexity in such high
detail, allowing to characterize type of AF and determine accompanying risk for AF
progression and MACCE in the individual patient. This may provide important
information in order to refine and enhance AF treatment, which eventually will
improve prognosis. Echocardiographic tissue velocity imaging of the fibrillating atrial
myocardium provides essential information about the complexity of AF (by means of
AF cycle length [AF-CL] measurement which reflects the functional atrial refractory
period) and degree of structural atrial remodelling (by mapping atrial fibrillatory wall
movements by means of AF velocity [AFV]) in AF patients.””"*° These parameters may
predict the response to drug treatment and ablation as well as long-term arrhythmia

160




CHAPTER X | DISCUSSION

outcome and therefore provide valuable information on the adequate approach in the
treatment of AF. Equally, body surface electrocardiography or mapping (BSM), by
analysis of simultaneous recorded non-invasive surface potentials in 256-channels on
the back and front torso of the patient, may also unmask the complexity of the AF
process by revealing fibrillation waves in body surface potential recordings.**® P-wave
dispersion as determined by BSM may be used to identify people at risk for
development of AF in patients with sinus rhythm. Apart from determining the
presence of CAD, CTA could have a much larger role in AF treatment. This technique
may reveal electro-anatomic features which may be relevant in the work-up for
ablation: e.g. maximal circumference of pulmonary veins in relation to available sizes
of cryoballoon-catheters or radiofrequency clamps as used for minimally invasive
thoracoscopic hybrid treatment; assessment of accessory pulmonary veins; anatomy
of left and right atrium as marker of atrial remodelling and treatment success;
vascularization of the atria (Figure 4).

FIRST DIAGNOSED EPISODE OF ATRIAL FIBRILLATION

- Thorough medical history (incl. arrhythmia history, AF symptoms/EHRA score, family
history, autonomic pattern, associated diseases incl.
stroke/TIA, BMI, Coffee/alcohol)

- Clinical examination (incl. 30 minute office BPM or 24h ambulatory BPM)

- ECG and Exercise test

- 24h Rhythm monitoring

- Echocardiography (incl. atrial volumes, SRVP, PA-TDI (SR) or AF-CL/AFV (AF)

- Full blood count (incl. thyroid function, creatinin, lipid spectrum, and
fasting glucose measurement)

ANTITHROMBOTIC MANAGEMENT (CHA,DS,-VASc / HASBLED)

RATE AND RHYTHM MANAGEMENT (AF type / symptoms)

I 1
IDIOPATHIC ATRIAL FIBRILLATION? UNDERLYING HEART DISEASE?
Consider: Treatment of underlying heart disease:
- Cardiac CT angiography (incl. PV anatomy) - ACE-i, ARB, ARA
- Pulmonary function testing - Statins/PUFA’s
- Sleep apnea test - Other
- Cardiac MR imaging
- SAECGA EE——

REASSESSMENT OF UNDERLYING HEART DISEASE* & STROKE RISK FACTORS

FIGURE 4 - Diagnostic cascade for patients with first diagnosed episode of atrial fibrillation (EHRA, European
Heart Rhythm Association [EHRA I, no symptoms; EHRA II, Mild symptoms; EHRA Ill, Severe symptoms; EHRA
IV, Disabling symptoms]; TIA, transient ischemic attack; BMI, body mass index [kg/m’]; BPM, blood pressure
measurement; SRVP, systolic right ventricular pressure; SR, sinus rhythm; AF-CL, atrial fibrillation cycle-
length; AFV, atrial fibrillation velocity; PV, pulmonary vein; MR, magnetic resonance; ACE-l, angiotensin-
converting-enzyme inhibitor; ARB, angiotensin-ll-receptor blocker; ARA, aldosterone receptor antagonist;
PUFA, poly-unsaturated fatty acid; *genetic testing/Ajmalin test as needed; * including atrial volumes)
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As yet, vascular disease including coronary artery disease (CAD) has not
received much attention as a cause of AF and its complications.m'143 Besides, the
clinical relevance of concealed coronary vascular disease in patients originally
diagnosed with idiopathic AF is as yet not known. It may be conjectured that idiopathic
AF patients with concealed vascular disease have a worse arrhythmia prognosis since
the vascular disease may be implicated in causing either AF itself or enhance
symptoms, complications or AF progression. Clinical evaluation of coronary disease in
AF patients is usually restricted to history taking, ECG and exercise testing. Similarly,
evaluation of vascular disease in AF patients is mainly limited to single blood pressure
measurement and assessing the presence of cardiovascular risk factors. Clarifying the
vascular status in apparently idiopathic AF patients has never been done systematically
before. New diagnostic modalities such as CTA, ABPM, non-invasive assessment of
endothelial function and specific vascular biomarkers enable early assessment of
vascular disease. We foresee that these new tools will help uncovering the
pathophysiology of vascular disease in AF and potentially improve diagnosis,
treatment and prognosis in these patients.
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CHAPTER XI | CONCLUSION AND SUMMARY

CONCLUSION AND SUMMARY

By means of the present AF management algorithm, we (physicians) still allocate a
benign prognosis with low stroke risk to those with apparently idiopathic AF. The
results collected in this thesis reveal that in spite of the alleged unknown origin of the
arrhythmia in idiopathic AF patients, atrial remodelling and subclinical cardiovascular
disease are already present in the majority of these patients. Follow-up shows that
patients originally diagnosed with idiopathic AF develop cardiovascular disease more
often, at younger age and with a more severe disease profile compared to healthy
sinus rhythm controls. In addition, the presence of mild cardiovascular disease, even
when found in the absence of significant atrial remodelling seems of prognostic
importance. This thesis contains an important message concerning the fundamental
basis of AF onset in these presumed healthy patients. It shows that the arrhythmia
might act as a harbinger of concealed underlying heart disease. The results
demonstrated in this thesis could be an important step towards new diagnostic and
treatment paradigms regarding AF patients.
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SAMENVATTING (VOOR NIET-MEDICI)

Boezemfibrilleren is de meest voorkomende ritmestoornis binnen de cardiologie en
kan gepaard gaan met hartkloppingen, kortademigheid en vermoeidheid ten gevolge
van een verhoogde en onregelmatige hartslag. Bovendien hebben mensen die lijden
aan deze ritmestoornis een verhoogd risico op het ontwikkelen van een hersen- of
hartinfarct en hartfalen. Dit risico kan gelukkig sterk worden beperkt door het tijdig
voorschrijven van de juiste medicatie. Meestal wordt de ritmestoornis uitgelokt door
het bereiken van een oudere leeftijd of onder meer door hoge bloeddruk, kleplijden,
longziekten of een eerder doorgemaakt hartinfarct of hartoperatie. Soms is het echter
zo dat de ritmestoornis optreedt zonder dat de routine onderzoeken uitlokkende
factoren tonen voor het ontstaan van de ritmestoornis. Dit wordt idiopathisch
boezemfibrilleren genoemd. Tot nu toe werd gedacht dat deze op het oog gezonde
groep patiénten een gunstige prognose had met een laag risico op beroertes.
Medicijnen welke het risico op beroertes verminderen werden dan ook niet of
nauwelijks voorgeschreven aan deze patiénten.

De resultaten verzameld in dit proefschrift laten zien dat, ondanks de
vermeend afwezige oorzaak van de ritmestoornis in patiénten met idiopathisch
boezemfibrilleren, het hart reeds aanpassingen heeft ondergaan welke de
ritmestoornis kunnen uitlokken en in stand kunnen houden (HOOFDSTUK 2-4) en dat
een vroeg stadium van onderliggende cardiovasculaire ziekten reeds aanwezig is in het
grootste deel van deze patiénten (HOOFDSTUK 6, 8-9). Wanneer we patiénten
oorspronkelijk gediagnosticeerd met idiopathisch boezemfibrilleren gedurende langere
tijld vervolgen zien we dat -cardiovasculaire ziekte (o.a. hoge bloeddruk,
kransslagaderlijden, hartfalen, beroertes, suikerziekte) in deze groep vaker optreedt
dan in een vergelijkbaar gezonde groep mensen zonder de ritmestoornis. Daarnaast
treden deze cardiovasculaire ziekten op een jongere leeftijd op, met een ernstiger
ziekteprofiel, en heeft een minimale aanwezigheid van een van deze ziekten al een
groot effect op de prognose van patiénten met boezemfibrilleren (HOOFDSTUK 5 + 7).

Dit proefschrift bevat een belangrijke boodschap aangaande de basis voor het
ontstaan van boezemfibrilleren in deze verondersteld gezonde patiéntengroep. Hierbij
functioneert de ritmestoornis als een soort van alarmbel voor de aanwezigheid van
nog onontdekte onderliggende cardiovasculaire ziekten. De resultaten verschaffen
nieuwe inzichten welke gebruikt kunnen worden in de diagnostische work-up en
behandeling van patiénten met boezemfibrilleren.
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