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STELLINGEN 

behorende bij het proefschrift Clinical and therapeutic implications of 

remodeling in atrial fibrillation door Marcelle D. Smit 

1 Ontsteking lijkt een belangrijke rol te spelen bij het vroeg recidiveren van boezemfi
brilleren na een rhythm control behandeling, terwijl progressie van persisterend 
naar permanent boezemfibrilleren vooral geassocieerd lijkt te zijn met fibrose. (Dit 
proefsch rift) 

.1. Een milde behandeling van boezemfibrilleren die de hartslag terugbrengt naar onder 
de 110 slagen per minuut leidt niet tot meer vergroting van boezems en kamers clan een 
intensieve behandeling die de hartslag terugbrengt naar onder de 80 slagen per minuut. 
(Dit proefschrift) 

3 Bij vrouwen zit er meer rek in clan bij mannen. (Dit proefschrift) 

4 Boezemfibrilleren hoeft de effectiviteit van cardiale resynchronizatietherapie niet 
nadelig te be1nvloeden. (Dit proefschrift) 

6 

Patienten met boezemfibrilleren die daarna hartfalen ontwikkelen zijn beter af clan 
patienten met hartfalen die daarna boezemfibrilleren ontwikkelen. (Dit proefschrift) 

Upstream therapy heeft een goede kans van slagen ten aanzien van de verbetering van 
rhythm control bij patienten met een korte voorgeschiedenis van boezemfibrilleren 
omdat bij hen de remodelingsprocessen minder vergevorderd zijn. (Dit proefschrift) 

7 Het goed in kaart brengen van de mate van atriale remodeling zal de behandeling van 
boezemfibrilleren kunnen helpen optimaliseren. 

8 Promoveren lijkt veel op een huis verbouwen, waarbij doorzettingsvermogen, creativi
teit en het op het juiste moment durven inschakelen van de juiste expertise belangrijke 
ingredienten zijn voor het bereiken van een mooi resultaat. 

If you do something wrong, don't make it perfect, because then it becomes perfectly 
wrong. (Michael Braungart) 

10 Vliegen valt niet mee. ( ... ) Als je bent geland, moet je altijd even wachten tot je ziel je 
weer heeft ingehaald. (Tracey Emin) Ccntrale 

11 A good wanderer leaves no footprints. (Lao Tse) 

12 Happiness is only real when shared. ( Christopher McCandless) 
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Atrial fibrillation (AF) is the most common cardiac arrhythmia. Currently 
more than 6 million people in Europe are affected and this number is expected 
to increase twofold during the next 30-50 years partly due to the ageing popu
lation.1-3 AF is not a benign disease as it is responsible for an increased risk on 
death, stroke, and heart failure, reduced exercise capacity and left ventricular 
dysfunction, and an impaired quality of life.+6 An important associated dis
ease of AF is heart failure. AF and heart failure often co-exist in a reciprocal 
relationship, the incidence of AF increasing with the severity of heart failure.7 

Both in heart failure with reduced ejection fraction and in heart failure with 
preserved ejection fraction, AF is also associated with increased morbidity 
and mortality.8·11 As a result of improved management of patients with AF, a 
trend towards reduction of AF-related events is observed, 12•13 though morbid
ity and mortality still remain substantial. It is therefore important to develop 
safe treatment strategies for AF in order to improve outcome and to promote 
healthy ageing. 

To facilitate the development of treatment strategies for AF, the patho
physiological processes leading to AF and to AF-related events should be 
elucidated. AF has a multifactorial etiology, the pathophysiology of AF being 
complex and incompletely understood. Over the past years the role of struc
tural remodeling in the initiation and perpetuation of AF has increasingly 
become apparent. Structural remodeling can be caused by well-known risk 
factors of AF development such as age, hypertension, heart failure, valve dis
ease, and diabetes, 14-16 less well-known risk factors such as endurance training, 
obesity, sleep apnea syndrome, and chronic obstructive pulmonary disease, 1• 17 

and other factors such as altered metabolism, autonomic changes, and genetic 
and environmental influences. These factors induce atrial structural changes 
through various pathways including the renin-angiotensin-aldosterone system 
and inflammation, leading to enlarged atria, hypertrophy, fibrosis, dedifferen
tiation, apoptosis, and myolysis. 18 Structural remodeling eventually creates a 
substrate for AF due to electrical dissociation between muscle bundles and 
local conduction heterogeneities facilitating the initiation and perpetuation 
of AF.19 Of interest, the first manifestation of AF usually occurs after years of 
atrial remodeling.20 In remodeled atria, triggers such as premature atrial com
plexes can initiate AF. Once AF develops, atrial electrophysiology is modified 
("electrical remodeling") and the structural remodeling process further dete
riorates, constituting a vicious cycle: ''.AF begets AF':2 1 Hence, atrial structural 
remodeling in patients with AF is caused by both the associated diseases and 
by AF itself 

Structural remodeling may be reversible during early phases of AF, but per
manent damage is induced during later stages of AF and in severe associated 
diseases. This is reflected by increasing electrical dissociation during AF when 
AF duration increases and when associated diseases become more severe.22•23 

Therefore, in the majority of cases the natural history of AF is characterized by 
a gradual worsening in time due to progressive adverse structural remodeling, 
making it challenging to restore and maintain sinus rhythm (Figure 1)24 and 
perhaps contributing to the occurrence of AF-related events. One AF patient 
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category of interest regarding clinical and therapeutic implications of remod
eling consists of patients with a short history of AF. Short-lasting AF patients 
have not been studied before. In patients with short-lasting AF, remodeling 
processes are assumingly less advanced and the induced damage may not be 
permanent.20 In such patients, successful elimination of AF may freeze the 
remodeling process, providing opportunities to prevent AF progression and, 
hypothetically, to lower the risk on AF-related events. 

Assessment of the degree of structural remodeling in patients with AF 
could be useful for identifying patients who will respond to rhythm control or 
other therapies aimed at halting AF progression and improving outcome, ulti
mately to tailor AF therapy in the individual patient.25 As of today, it is difficult 
to directly measure the degree of structural remodeling in patients present
ing with AF. Instead, physicians and researchers have to contend with sur
rogate markers that reflect the substrate complexity. Such markers consist of 
clinical parameters including age, associated disease, and duration of AF, 17•20•25 

echocardiographic parameters such as atrial size,26 and circulating biomarkers 
involved in structural remodeling processes.27 29 Some of these markers have 
been shown to be of prognostic value regarding AF progression and clinical 
outcome. Examples of clinical markers associated with AF recurrence and pro
gression include age, hypertension, heart failure, diabetes, chronic obstructive 
pulmonary disease, renal function, and previous AF burden, 30·34 which are also 
markers of impaired outcome in AF. 1 Echocardiographic parameters associ
ated with AF recurrence and progression and with prognosis include left atrial 
size, atrial strain rate, and ventricular systolic and diastolic function.32•35·38 

Examples ofbiomarkers associated with AF progression and outcome include 

Persistent 

llme 

12 Chapter1 

\ \ 
Permanent 

Figure 1. Natural time course of AF. Shown 
is a typical chaotic pattern of time in AF 
(dark green) and time in sinus rhythm (light 
green) over time. AF progresses from 
undiagnosed to first diagnosed, paroxysmal, 
persistent, to permanent. Flashes indicate 
cardioversions as examples for therapeutic 
interventions that influence the "natural" 
time course of the arrhythmia. Adapted with 
permission from Kirchhof et al.24 



inflammatory biomarkers, e.g. high-sensitivity C-reactive protein,32 fibrotic 
biomarkers, e.g. transforming growth factor-�!, matrix metalloproteinase-2, 
and tissue inhibitor of matrix metalloproteinase-1,27•39•40 and markers of atrial 
endocrine function, e.g. N-terminal pro-B-type natriuretic peptide.41•42 As of 
today, however, an atrium-specific biomarker has not yet been identified.43 

This emphasizes the limitations of markers of atrial structural remodeling, 
as they may vary in discriminative, diagnostic and prognostic value amongst 
different AF patient categories with various degrees of structural remodeling. 
For instance, remodeling may be less extensive in patients with a short his
tory of AF and mild associated disease than in patients with a long history of 
AF and severe associated disease such as heart failure, 18•20•22•23 which in itself 
is associated with increased markers of remodeling. 18 It is therefore uncertain 
whether these markers measure atrial remodeling, ventricular remodeling, or 
both. Studies using surrogate markers of atrial remodeling should therefore be 
interpreted with this limitation kept in mind. 

Structural remodeling may be halted by upstream targeting of the sub
strate to prevent AF progression and impaired outcome. These upstream 
therapies may support conventional rhythm control therapy, beside having a 
more favorable side-effect profile.44 Upstream therapies target components of 
the remodeling process including fibrosis, inflammation, and oxidative stress, 
and include renin-angiotensin-aldosterone-system inhibitors, statins, fish oils, 
glucocorticoids, and possibly even moderate exercise.44.45 If started early in 
the remodeling process, e.g. in patients with a short history of AF, upstream 
therapy may prevent or postpone the need for ion-channel antiarrhythmic 
drugs and/ or ablation, and rhythm control may be more effective while side
effects and adverse events are limited.20•46 The effectiveness of upstream ther
apy, however, may vary depending on the degree of structural remodeling.46.47 

Yet again this emphasizes the need to assess the extent of remodeling in indi
vidual patients in order to tailor AF therapy to prevent AF progression and 
adverse outcome. 

Aim of this thesis 

The aim of this thesis is to investigate the clinical and therapeutic implica
tions of remodeling in AF. We study a variety of patient categories in order of 
increasing stage of AF severity. In chapter 2 we start off with patients with a 
short history of persistent AF in whom sinus rhythm is still pursued, and assess 
the mechanisms involved in early AF recurrence. In chapter 3 we discuss vari
ous remodeling markers as potential predictors of outcome of rhythm control. 
In chapter 4 we move on to patients in whom AF has become permanent and 
investigate the influence of stringency of rate control on echocardiographic 
remodeling and assess other factors possibly associated with adverse and 
reverse remodeling. The following two chapters embrace patients with heart 
failure, an important associated disease in AF. Chapter 5 involves patients 
with stable severe heart failure receiving cardiac resynchronization therapy, in 
whom we investigate the prognostic value of circulating biomarkers and AF on 
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response to cardiac resynchronization therapy and on mortality. In chapter 6 
we assess whether the time course in which AF and heart failure develop sheds 
light on the prognosis of AF patients hospitalized for heart failure. The last 
two chapters focus on AF treatment strategies targeting structural remodeling. 
Chapter 7 provides an overview of upstream therapy in various AF patient cat
egories. In chapter 8 we first discuss why upstream therapy is not effective in 
all AF patients. We then provide the rationale and design of the Routine versus 
Aggressive upstream rhythm Control for prevention of Early atrial fibrillation 
in heart failure (RACE 3) studYi performed in patients with a short history of 
AF in whom we expect that upstream therapy will be effective in halting AF 
progression. 

14 Chapter1 
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ABSTRACT I ntroduct ion 

Outcome of rhythm control in atrial fibrillation (AF) is  still poor due 
to various mechanisms involved in the initiation and perpetuation of AF. 
Differences in timing of AF recurrence may depend on different types of 
mechanisms. The aim of this study was to assess the mechanisms involved in 
early AF recurrence in patients with short-lasting AF. 

M ethods & resu lts 

Patients with short-lasting persistent AF undergoing rhythm control 
(n= 100) were included. Markers of mechanisms involved in the initiation and 
perpetuation of AF were assessed, including clinical factors, echocardiographic 
parameters, and biomarkers. Primary endpoint was early AF recurrence 
(recurrence <l month). Secondary endpoint was progression to permanent 
AF. Mean age was 65±9 years, 74 patients (74%) were male, and median 
total AF history was short: 4.2 months. Early AF recurrences occurred in 30 
patients (30%) after a median of 6 (inter-quartile range 2-14) days. Baseline 
log2 interleukin-6 (adjusted hazard ratio [HR] 1.3, 95% confidence interval 
[ CI] 1.0-1. 7, p=0.02) and present or previous smoking ( adjusted HR 3.6, 95% 
CI 1.2-10.9, p=0.03) were independently associated with early AF recurrence, 
suggesting that inflammation played an important role in early recurrences. 
AF became permanent in 29 patients (29%). Baseline transforming growth 
factor-�!, left ventricular ejection fraction, and early AF recurrence were inde
pendently associated with progression to permanent AF. 

Conclus ion 

In  patients with short-lasting AF, early AF recurrence seemed to  be asso
ciated with inflammation as represented by interleukin-6. Treatment aimed 
against inflammation may therefore prevent early AF recurrences, which can 
improve rhythm control outcome. 
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Outcome of rhythm control in patients with persistent atrial fibrillation 
(AF) is still poor, despite the attempts that have been made to improve rhythm 
control therapy. 1

-4 We previously failed to show that early cardioversions in 
case of early recurrences increased maintenance of sinus rhythm.5 In addition, 
short-term peri-cardioversion amiodarone therapy could not reduce AF recur
rences.6 AF, however, is a complex condition with multiple interacting mecha
nisms involved in the initiation and perpetuation of the arrhythmia, including 
acute triggers, changes in electrical properties, and structural remodeling.7•8 

The mechanisms leading to the initiation and perpetuation of AF may contrib
ute differently to the onset and persistence of AF in different patients, which 
could imply that there are distinct types of AF requiring specific types of treat
ment. 9 Furthermore, these mechanisms may vary according to the timing of 
AF recurrence and progression. Most AF recurrences occur within one month 
after cardioversion (early AF recurrences) . 10· 1 2  To our knowledge, mechanisms 
involved in early AF recurrences have not been studied before in persistent 
AF. Furthermore, most studies investigating rhythm control in persistent AF 
have included patients in whom the extent of remodeling was severe due to a 
long history of AF or underlying disease. In patients with a short history of AF, 
i.e. short-lasting AF, remodeling processes are assumed to be less advanced, 
providing opportunities for rhythm control to be more effective. 13 This patient 
category has not been studied before. The aim of this study was therefore to 
investigate the mechanisms involved in early AF recurrences in a patient popu
lation with short-lasting AF. 

Study popu lation and study protocol 

This was a prospectively designed observational study performed in the 
University Medical Center Groningen. The study was approved by the institu
tional review board of the University Medical Center Groningen and patients 
were included after obtaining written informed consent. Recruitment started 
in January 2008 and ended in July 2010. Patients were included if they had 
short-lasting persistent AF, defined as a total AF history of less than 2 years, 
a total persistent AF history ofless than 6 months, and � 1 previous electrical 
cardioversion. 

At enrolment, a detailed medical history was obtained in all patients, trans
thoracic echocardiography was performed, and blood samples for biomarker 
analyses were obtained. Patients were treated according to our standardized 
rhythm control strategy which involved causal treatment of the underlying dis
ease, anticoagulation as indicated, adequate rate control with negative drom
otropic drugs, and rhythm control in accordance with the guidelines.1•2,4, ,4, 15 

Initial rhythm control consisted of electrical cardioversion, chemical cardio
version with amiodarone, or pulmonary vein ablation. Pre-treatment with ion
channel antiarrhythmic drugs was started only in patients in whom rhythm 

INTRODUCT ION 

METHODS 
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control was expected to be less successful, i.e. due to underlying disease. 14•1 5  

Time to AF recurrence was carefully monitored by frequent outpatient visits 
and 24-hour Holter monitoring ( one, three six, nine and twelve months after 
start of rhythm control therapy). In case of recurrence of AF after initial rhythm 
control therapYi ion-channel antiarrhythmic drugs were instituted as soon as 
possible after documentation of the recurrence, in combination with electrical 
cardioversion if required. 1•2•4•14•1 5  Amiodarone loading was started four weeks 
before the next planned electrical cardioversion, sotalol was started on the day 
of the next planned cardioversion. AF was accepted in case of failure of at least 
one ion-channel antiarrhythmic drug and/ or if patient declined to pursue 
normal sinus rhythm in the absence of severe symptoms of AF.1 •2•4•1 4• 1 5  

Defi n i t ions  of A F  recu rrence 

The primary endpoint consisted of early AF recurrence, defined as any 
(a)symptomatic recurrence of AF within the first month after cardioversion 
lasting � 30 seconds. 10• 1 1

•
16 Secondary endpoint was progression to perma

nent AF within one year. Patients were defined to have permanent AF when 
rhythm control interventions were no longer pursued. 14•15 Shock failure was 
defined as no single sinus beat seen after cardioversion, immediate reinitiation 
of AF (IRAF) was defined as AF recurrence within 2 minutes after electrical 
cardioversion. 1 1 •17 

Echocard iogra phy 

Echocardiographic evaluation was conducted at baseline and included 
atrial dimensions and volumes, atrial ejection fractions, septal and posterior 
wall thicknesses, ventricular dimensions, and left ventricular ejection fraction. 
Left atrial volume was measured using the biplane Simpson's method and right 
atrial volume was measured using the single plane area-length method. 18 Left 
and right atrial volumes were additionally indexed to body surface area. Left 
and right atrial ejection fractions were calculated using end-systolic and end
diastolic left and right atrial volumes, respectively. Echocardiograms were per
formed in accordance with standard recommendations. 

Bioma rker ana lyses 

Pre-specified biomarkers analyzed for this study were biomarkers of 
hemodynamic stress, i.e. atrial natriuretic peptide (ANP), N-terminal pro-B
type natriuretic peptide (NT-pro BNP), and apelin; and biomarkers of fibrosis 
and inflammation, i.e. growth differentiation factor ( GD F)-15, matrix metallo
proteinase (MMP)-1, MMP-2, MMP-9, tissue inhibitor of metalloproteinase 
(T IMP)-1, TIMP-2, transforming growth factor (TGF)-�1, and interleukin 
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(IL)-6. ANP and NT-proBNP are natriuretic hormones released from ven
tricular and atrial cells in response to volume expansion and increased wall 
stress.8•19 Apelin is a component of the apelin-angiotensin receptor-like 1 path
way that plays an important counter-regulatory role in the effects of angio
tensin.20 GDF-15 is a member of the TGF-� cytokine family and is secreted 
during periods of ischemia and reperfusion and is also an anti-hypertrophic 
regulating factor in the heart. 21 MMPs are associated with degradation of colla
gen, while TIMPs inhibit the activity ofMMPs.8•22 TGF-�l is an inflammation
associated cytokine that is central to signaling cascades stimulating cardiac 
fibrosis, and may be a key mediator of fibrosis.8 IL-6 is an inflammatory cyto
kine that is also a potent regulator of extracellular protein metabolism through 
MMPs and collagen. 8•22•23 Venous blood samples for biomarker analyses were 
obtained at enrolment. Ethylenediaminetetraacetic (EDTA)-plasma, lithium
heparin-plasma, and serum samples were stored at -80°C until further analy
sis. Biomarker analyses were conducted using commercially available kits. All 
biomarkers except apelin were analyzed using enzyme-linked immunosorbent 
assays according to the manufacturer's instructions ( GE Healthcare UK Ltd, 
Buckinghamshire, UK, for MMP-1, MMP-2, MMP-9, TIMP-1, TIMP-2; R&D 
systems, Minneapolis, MN, USA, for ANP, NT-proBNP, GDF-15, TGF-�l, 
and IL-6) . Apelin-12 was analyzed using enzyme immunoassay according to 
the manufacturer's instructions (Phoenix Pharmaceuticals, Inc., Burlingame, 
CA, USA). 

Statistical analys is 

Baseline descriptive statistics are presented as mean ± standard deviation 
or median (inter-quartile range) for continuous variables and numbers with 
percentages for categorical variables, as required. We evaluated differences 
between groups using Chi-square test and Fisher's exact test for categori
cal data, and Student's t test and Mann Whitney-U test for continuous data, 
dependent on whether data were normally distributed. Cumulative event 
proportions were calculated using Kaplan-Meier analyses. Cox proportional 
hazards regression analyses were conducted to evaluate predictors of early AF 
recurrence and permanent AF. Univariate Cox proportional hazards regres
sion analysis was performed on all baseline variables shown in Tables 1-3. For 
permanent AF, early AF recurrence was added as baseline variable. Stepwise 
multivariable hazards regression analysis was conducted using all baseline 
variables with p�0.l in univariate analysis. The final multivariate model 
included all variables with p<0.05. Analyses were performed with STATA 
11.0 for Windows. In all statistical analyses p<0.05 was considered statistically 
significant. 
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Table 1. Baseline characteristics 

Study population Early AF No early AF 
recurrence recurrence 

(n=100) (n=30) (n=70) 

Age - mean±SD - years 65±9 63±8 65+10 

Male gender - no. (%) 74 (74.0) 22 (73.3) 52 (74.3) 

AF characteristics: 
Total AF history - median ( IOR) - months 4.2 (19-9.0) 5.6 (3.0-11.1)* 39 (1.5-7.5) 
Current AF duration - median (IOR) - months 3.0 (1.3-4.7) 3.2 (1.8-5.4) 29 (1.1-4.5) 
Previous electrical cardioversion - no. (%) 26 (26.0) 12 (40.0)* 14 (20.0) 
Previous chemical cardioversion - no. (%) 4 (4.0) 4 (5.7) 

CHADS
2 

scoret - mean+SD 1.5±1.0 1.4±09 1.6±1.0 

Hypertension - no. (%) 67 (67.0) 19 (63.3) 48 (68.6) 

Previous admission for heart failure - no. (%) 20 (20.0) 8 (27.7) 12 (17.1) 

Coronary artery disease: - no. (%) 18 (18.0) 6 (20.0) 12 (17.1) 
Previous myocardial infarction 8 (8.0) 3 (10.0) 5 (7.1) 

History of valve dysfunction - no. (%) 22 (22.0) 6 (20.0) 16 (229) 

History of valve surgery - no. (%) 4 (4.0) 1 (3.3) 3 (4.3) 

Other medical history: 
Diabetes mellitus: - no. (%) 

Type I 1 (1.0) 1 (1.4) 
Type I I  13 (13.0) 2 (6.7) 11 (15.7) 

Hypercholesterolemia - no. (%) 30 (30.0) 8 (26.7) 22 (31.4) 
Smoking: - no. (%) 

Previous smoking 49 (49.0) 19 (63.3)* 30 (429) 
Present smoking 13 (13.0) 6 (20.0)* 7 (100) 

Chronic obstructive pulmonary disease - no. (%) 10 (10.0) 1 (3.3) 9 (129) 
History of transient ischemic attack/ stroke - no. (%) 7 (7.0) 1 (3.3) 6 (8.6) 
History of thyroid disease: - no. (%) 

Hypothyroidism 1 (1.0) 1 (1.4) 
Hyperthyroidism 5 (5.0) 5 (7.1) 

Sleep apnea - no. (%) 1 (1.0) 1 (1.4) 

AF EHRA class: - no. (%) 
I 18 (18.0) 7 (23.3) 11 (15.7) 
I I  49 (49.0) 15 (50.0) 34 (48.6) 
I l l  30 (30.0) 7 (23.3) 23 (329) 
IV 3 (3.0) 1 (3.3) 2 (29) 

Physical examination: 
Body mass index - mean±SD - kg/m2 28±4 28±4 27 5 
Systolic blood pressure - mean±SD - mmHg 130±16 130.i17 130±16 
Diastolic blood pressure - mean±SD - mmHg 81±-12 81±10 80±13 

Electrocardiogram: 
Heart rate - mean±SD - bpm 10h28 93±20* 104±30 
ORS duration - mean+SD - ms 9h15 96±10 98±17 
OTc duration - mean±SD - ms 440±44 442±37 439±47 

Medication at cardioversion: - no. (%) 
Beta-blocker 89 (89.0) 27 (90.0) 62 (88.6) 
ACE-inhibitor/ angiotensin receptor blocker 74 (74.0) 17 (56.7)* 57 (81.4) 
Aldosterone receptor antagonist 15 (15.0) 3 (10.0) 12 (17.1) 
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Baseline characteristics and rhythm control therapy RESULTS 

One hundred patients were included. Mean age was 65±9 years, 74 
patients (74%) were male, and median total AF history was short: 4.2 months 
(inter-quartile range 1 .9-9.0 months) (Table 1 ) . Sixty-seven patients (67%) 

had their first episode of persistent AF. Baseline laboratory values are shown in 
Table 2. Mean left atrial size was 45±6 mm, mean left atrial volume indexed to 
body surface area was 45±16 mL/m2, and mean left ventricular ejection frac
tion was 48±13% (Table 3) . 

Eighty-six patients ( 86%) underwent electrical cardioversion, which was 
successful in 76 patients (88%) and unsuccessful in IO patients ( 12%) due 
to shock failure (n=4, 5%) and IRAF (n=6, 7% ). Four patients ( 4%) under
went chemical conversion, 3 patients (3%) pulmonary vein ablation, and in 7 
patients (7%) spontaneous conversion to sinus rhythm under antiarrhythmic 
drugs occurred. 

AF recurrence during follow-up 

Within one year follow-up, AF recurred in 59 patients (59%), being an 
early recurrence of AF in 30 patients (30%) (Figure 1) . Twelve of these 30 
patients ( 40%) had a history of a previous electrical cardioversion (Table 
1 ) . Most early AF recurrences occurred within one week after rhythm con
trol (Figure 2); median time to early AF recurrence was 6 days (inter-quartile 
range 2-14 days). 

Table 1. Baseline characteristics (continued) 

Diuretic 
Verapamil/ diltiazem 
Dihydropyridine calcium channel blocker 
Digitalis 
Amiodarone 
Vitamin K antagonist 
Platelet aggregation inhibitor 
Stalin 
Nitrate 

Study population 

(n=100) 

43 (43.0) 
12 (12.0) 
9 (9.0) 

13 (13.0) 
12 (12.0) 

99 (99.0) 
10 (10.0) 

38 (38.0) 
1 (1.0) 

Early AF 
recurrence 

(n=30) 

11 (36.7) 
4 (13.3) 
1 (3.3) 
4 (13.3) 
2 (6.7) 

30 (100.0) 
3 (10.0) 

10 (33.3) 
1 (3.3) 

No early AF 
recurrence 

(n=70) 

32 (45.7) 
8 (11.4) 
8 (11.4) 
9 (12.9) 
10 (14.3) 

69 (98.6) 
7 (10.0) 

28 (40.0) 

ACE = angiotensin converting enzyme; AF = atrial fibrillation; EHRA = European Heart Rhythm Association; IOR = inter-quartile range, 
LA = left atrial; LV = left ventricular; NYHA = New York Heart Association; RA = right atrial; SD = standard deviation. 

* p <  0.05. 

tThe CHADS2 score is a measure of the risk of stroke 1n patients with AF, with scores ranging from O to 6 and higher scores indicating a 
greater risk.15 Congestive heart failure, hypertension, an age of 75 years or older, and diabetes are each assigned 1 point, and previous stroke 
or transient ischemic attack is assigned 2 points; the score 1s calculated by summing all the points for a given patient. 
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Table 2. Baseline laboratory values 

Patients underwent a median of 1 (inter-quartile range 1-2) electrical 
cardioversions during follow-up. Seventeen of 59 patients with a first recur
rence (29%) had a second AF recurrence after a median follow-up of 7 days 
(inter-quartile range 1-14 days) . In 55 patients electrical cardioversion was the 
only rhythm control therapy. Anti-arrhythmic drugs were instituted in a total 
of 37 patients (37%); 12 were already using amiodarone at baseline (Table 1), 
while an additional 25 patients received sotalol (n=16) or amiodarone (n=9) 
because of recurrent AF. Twenty-three patients (23%) were using ion-chan
nel antiarrhythmic drugs at one year-follow-up. AF became permanent in 29 
patients (29% ) , of whom 16 patients (55%) had had an early AF recurrence. 

Independent predictors of early AF recurrences were baseline IL-6 and 
present or previous smoking (Table 4 ). Independent predictors of permanent 
AF within one year were baseline TGF-�l, left ventricular ejection fraction, 
and early AF recurrence (Table 4). None of the other biomarkers were predic
tive of early AF recurrence or progression to permanent AF. 

Study population Early AF No early AF 
recurrence recurrence 

(n=100) (n=30) (n=70) 

White blood cell count - mean±SD - 109/L 7.7±9 7.7+1.5 7.6±2.0 

eGFR - mean_SD - ml/min/1.73 m2 77±19 80±18 76±19 

ANP - median (IOR) - pg/100ul 144 (76-232) 125 (71-213) 151 (81-232) 

NT-proBNP - median (IOR) - pg/ml 1022 (552-1933) 735 (535-1775) 1110 (650-2139) 

GDF-15 - median (IOR)- pg/ml 1049 (796-1604) 1010 (767-1479) 1050 (840-1608) 

Apelin - median (IOR) - pg/ml 258 (145-308) 260 (102-355) 242 (160-308) 

MMP-1 - median (IOR) - ng/ml 1.7 (1.7-8.3) 1.7 (1.7-8.3) 1.7 (1.7-6.1) 

MMP-2 - mean+SD - ng/ml 2198...-650 2194±620 2201-672 

MMP-9 - mean±SD - ng/ml 28.6±15.3 28.4J_17.2 28.7±14.5 

T IMP-1 - median (IOR) - ng/ml 154 (130-182) 155 (138-188) 149 (130-172) 

TIMP-2 - median (IOR) - ng/ml 97 (90-108) 95 (88-100) 102 (93-114) 

TGF-B1 - mean_SD - ng/ml 24.1 .i..10.4 25.1±13.2 23.6±8.8 

IL-6 - median (IOR) - pg/ml 2.5 (1.6-4.8) 29 (1.8-5.8) 2.3 (1.6-39) 

ANP = atrial natriuretic peptide; eGFR = estimated glomerular filtration rate; GDF = growth differentiation factor; IL = interleukin; 
IOR = inter-quartile range; MMP = matrix metalloproteinase; NT-proBNP = N-terminal pro-B-type natriuretic peptide; 
SD = standard deviation; TGF = transforming growth factor; TIMP = tissue inhibitor of metalloproteinase. 

* p < 0.05. 
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DISCUSS ION 

We investigated mechanisms involved in early AF recurrences in patients 
with short-lasting persistent AF. We found that early AF recurrence was associ
ated with elevated IL-6 levels, possibly representing inflammation. 

Mechan isms i nvo lved i n  AF recurre nce and progress ion 

We found that IL-6 independently predicted early AF recurrences in  short
lasting AF patients, suggesting that inflammation may play an important role in 
the mechanisms triggering early AF recurrence. Inflammation has been asso
ciated with a variety of cardiovascular conditions including AF.8•

24 The exact 
mechanism linking inflammation with (nonoperative-related) AF is unknown, 
and it is unclear whether inflammation is an initiator or consequence of AF 
though it is not unlikely that both mechanisms are interrelated. Inflammation 
may cause AF, as one study demonstrated that short-term hypertension led to 
increased inflammatory cell infiltrates in the atria and increased inducibility of 

Table 3. Baseline echocardiography 

Study population 

(n=100) 

LA size, parasternal axis - mean±SD - mm 45+6 

LA volume - mean±SD - ml 91±33 

LA volume index - mean±SD - ml/m2 45±16 

LA ejection fraction - mean±SD - % 19t13 

RA size, length - mean±SD - mm 62±6 

RA volume - mean±SD - ml 73±28 

RA volume index - mean±SD - ml/m2 36+14 

RA ejection fraction - mean±SD - % 18±19 

Septum - mean±SD - mm 10±2 

Posterior wall - mean±SD - mm 9±1 

LV end-diastolic diameter - mean±SD - mm 51±7 

LV end-systolic diameter - mean±SD - mm 37±9 

LV ejection fraction - mean±SD - % 48±13 

Valve dysfunction - no. (%) 16 (16.0) 

LA = left atrial; LV = left ventricular; RA = right atrial; SD = standard deviation. 

* p < 0.05. 

Early AF 
recurrence 

(n=30) 

45±6 

96+40 

46±18 

17±12 

62±7 

74±27 

36±13 

15±20 

10±2 

9±1 

50±7 

37±8 

48±12 

4 (13.3) 
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No early AF 
recurrence 

(n=70) 

45±7 

89±30 

44±15 

20±14 

63±6 

73±28 

36±14 

19±19 

10±2 

9±2 

51±7 

38±10 

47±13 

12 (17.1) 
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AF,25 and inflammation has been shown to be associated with incident AF.26•29 

On the other hand, a recent study demonstrated that intra- and extra-cardiac 
markers of inflammation were increased during AF itself, instead of being 
higher in patients with versus without previous AF, suggesting that AF causes 
inflammation. 23 Markers ofinflammation including IL-6, IL-8, C-reactive pro
tein, and tumor necrosis factor-a, have been shown to be increased in patients 
with AF and with AF recurrence. 23•24•24•30·32 IL-6 is a pro-inflammatory cytokine 
that stimulates the synthesis of acute phase proteins and is a potent regulator 
of extracellular protein metabolism through MMPs and collagen which could 
induce fibrosis.8•22 IL-6 has been correlated with the presence and duration 
of AF and increased left atrial diameter.33  The association between IL-6 and 
AF recurrence after cardioversion has not been robust in other studies,34 but 
a study population consisting of short-lasting persistent AF patients has not 
been studied before. 

Present or previous smoking was also independently associated with 
early AF recurrence. Smoking is not an established risk factor for incident 
AF,35 though recently a study did observe an increased risk of AF in current 
and former smokers.36 Another study found that women had a greater risk on 
arrhythmia recurrence after cardioversion for atrial flutter if they were current 
smokers.37 Smoking could have deleterious effects regarding AF through sev
eral mechanisms including direct toxicity of nicotine and carbon monoxide, 
sympathetic neural stimulation, regional myocardial hypoperfusion, and per
haps induction of an inflammatory state and/ or fibrosis. 

Figure 1. 11me to AF recurrence 

30 60 90 120 150 180 210 240 270 300 330 360 

l1me (days) 

No. at r'sk 100 65 58 56 55 53 50 47 44 41 37 36 35 
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Early AF recurrence predicted progression to permanent AF, which is 
logical because AF recurrence is required in order for AF to be progressive, 
and most AF recurrences occur within one month after rhythm control. 10,1 1  

Independent of early AF recurrence, we found that TGF-�l was a predictor 
of development of permanent AF within one year. TGF-�l is a central deter
minant in the signaling cascade of cardiac (atrial) fibrosis leading to structural 
remodeling, though it is also involved in inflammatory processes.8 Markers of 
fibrosis including TGF-� 1 have been associated with AF recurrence and failure 
of electrical cardioversion.38·4° Fibrosis may therefore be an important contrib
utor to progression to permanent AF. Higher left ventricular ejection fraction 
was also independently associated with progression to permanent AF which 
seems to be a counterintuitive observation, as heart failure is a well-known 
predictor of AF progression.41 Progression of AF, however, is not just a pas
sive diagnosis as it also requires decision making by patient and physician. It 
would seem plausible that, in case of no or mild symptoms of AF, a physician is 
less reluctant to accept AF when ventricular function is preserved rather than 
decreased. Furthermore, it is unknown whether known risk factors for AF pro
gression also pertain for patients with short-lasting AF, whom have not been 
studied before. 

Atrial size has been shown to be a predictor of AF recurrences and pro
gression, 42 but this was not observed in our study. However, the degree of atrial 
structural remodeling may not be extensive in patients with a short history of 
AF, so the predictive value of atrial size regarding outcome of rhythm control 
may perhaps be absent in these patients. 

0 2 4 6 8 10 12 14 16 18 20 22 24 26 28 30 

llme after rhythm control therapy - days 

Figure 2. Daily incidence of AF recurrence 

during the first month after rhythm control 

(early AF recurrence). 

Most of the recurrences occurred during the 

first week after rhythm control. 

Day O = day of conversion to sinus rhythm 

(i.e. day of electrical cardiovers1on, chemical 

conversion, pulmonary vein ablation, or 

spontaneous conversion to sinus rhythm 

under antiarrhythmic drugs). 
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Rhythm control and AF  recurrence in short-lasting AF  

To our knowledge, this is the first study investigating rhythm control in 
patients with short-lasting persistent AF, in whom we may expect that remod
eling processes are less widespread and in whom restoration of sinus rhythm 
may halt disease progression. 13 The median duration of AF history was only 4 
months in the present population. Early AF recurrence, chosen as one of the 
primary endpoints for this study because most AF recurrences occur within 
one month after cardioversion, 10· 12 occurred in 30% of these patients with 
short-lasting AF. At first glance 30% seems to be a high recurrence rate, but in 
other studies in which patients had a much longer AF history, early recurrences 
( without amiodarone treatment) were observed in 56%-68% of patients.5•12 

Early AF recurrence rates are lower with amiodarone, however, approximat
ing 20%.43 Despite a low early AF recurrence rate, persistent AF progressed to 
permanent AF in 29% of these short-lasting AF patients, which is comparable 
with other studies in which 25%-30% of persistent AF patients had permanent 
AF after one year.5•44 However, the number of electrical cardioversions during 
follow-up in our study was quite low with a median of one cardioversion as 
compared with a median of two to three cardioversions in other studies. 3·5 This 
implies that relatively less of an effort was made in order to keep short-lasting 
AF patients in sinus rhythm during one year follow-up due to the data of the 
rate versus rhythm control trials, especially if symptoms were mild in case of 
AF recurrence. 3•4 Perhaps AF should be accepted less easily and more attempts 
should be done to restore and maintain sinus rhythm in patients with short
lasting AF, whom have never been studied before. Success rates may be higher, 
though it still remains to be established whether permanent sinus rhythm will 
improve prognosis in these patients. 

Table 4. Predictors of early AF recurrence and of permanent AF within one year 

Early AF recurrence 
Log

2 
IL-6 

Present or previous smoker 

Permanent AF within one year 
TGF-B1 per 5 ng/ml 
LV ejection fraction 
Early AF recurrence 

Univariate analysis 
Hazard ratio p-value 

(95% CI) 

1.3 (1.0-1.6) 0.Q7 
3.8 (1.4-99) 0.007 

1.2 (1.0-1.5) 0.09 
1.0 (1.0-1.1) 0.09 

5.2 (2.4-11.5) <0.0001 

Multivariable analysis 
Hazard ratio p-value 

(95% CI) 

1.3 (1.0-1.7) 0.02 
3.6 (1.2-109) 0.Q3 

1.3 (1.0-1.6) 0.Q3 
1.1 (1.0-1.1) 0.04 

5.7 (2.0-16.5) 0.001 

Cl = confidence interval; IL = interleukin; LV = left ventricular; TGF = transforming growth factor. 
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Clinical implications 

The most important finding of our study is that inflammation, as represented 
by IL-6, may be involved in early AF recurrences. Anti-inflammatory therapies 
such as statins24•45•46 and corticosteroids, 24,47,48 provided e.g. short before and dur
ing the first month after electrical cardioversion, may therefore prevent early AF 
recurrences through direct antiarrhythrnic effects. Prevention of early AF recur
rences may subsequently prevent progression to permanent AF. 

Strengths and limitations 

The novel study population taken from clinical practice, the thorough 
assessment of parameters reflecting various mechanisms involved in the initia
tion and perpetuation of AF, and the clinically valuable new results constitute 
the most important strengths of this study. Because some patients had a prior 
history of AF while others presented with their first episode, it is uncertain 
whether the variables we measured were associated with early AF recurrence 
or with the progression to persistent AF in new-onset AF patients who might 
have had paroxysmal AF. However, early AF recurrences occurred in a sub
stantial proportion of patients with a previous electrical cardioversion, i.e. in 
patients with established persistent AF, implying that the variables studied 
were for an important part associated with AF recurrences in persistent AF. 
Furthermore, not all possible biomarkers that have been associated with AF 
were analyzed in this study, which means that results could have differed if a 
different subset of biomarkers had been used. Though set-up prospectively, a 
power analysis was not conducted because there were no prior data concern
ing patients with short-lasting AF. Our study is therefore limited by the small 
study population. This could have led to false positive results. On the other 
hand, the primary endpoint still occurred in a substantial amount of patients. 
Because of the small patient numbers, the results and especially the prediction 
models should be interpreted with caution. Larger studies are required to vali
date our results. 

Conclusions 

In patients with short-lasting AF, early AF recurrence seemed to be asso
ciated with inflammation as represented by interleukin-6. Treatment aimed 
against inflammation may therefore prevent early AF recurrences, which can 
improve rhythm control outcome. 

Role of inflammation in early atrial f1brillat1on recurrence 31 



ACKNOWLEDGE

MENTS 

FUN DING 

SOURCES 

CONFLICTS 

OF INTEREST 

32 

The authors thank Silke U. Oberdorf-Maass for her excellent technical 
assistance. 

This work was supported by the Netherlands Heart Foundation [grant 
number 2009T0 14] and unrestricted educational grants from Medtronic and 
Biotronik. 

None declared. 

Chapter 2 



Crijns HJ, Van Gelder IC, Van Gilst WH, Hillege H, Gosselink AM, Lie Kl .  Serial antiarrhyth
mic drug treatment to maintain sinus rhythm after electrical cardioversion for chronic atrial 
fibrillation or atrial flutter. Am J Cardiol 1991;68:335-41. 

REFERENCES 

Van Gelder IC, Crijns HJ, 11eleman RG, Brugemann J, De Kam PJ, Gosselink AT, et al. 2 
Chronic atrial fibrillation. Success of serial cardioversion therapy and safety of oral anticoagu-
lation. Arch Intern Med 1996;156:2585-92. 

Wyse DG, Waldo AL, DiMarco JP, Domanski MJ, Rosenberg Y, Schron EB, et al. A com- 3 
parison of rate control and rhythm control in patients with atrial fibrillation. N Engl J Med 
2002;347:1825-33. 

Van Gelder IC, Hagens VE, Bosker HA, Kingma JH, Kamp 0, Kingma T, et al. A comparison 4 
of rate control and rhythm control in patients with recurrent persistent atrial fibrillation. N Engl 
J Med 2002;347:1834-40. 

Hemels M E, Van Noord T, Crijns HJ, Van Veldhuisen DJ, Veeger NJ, Bosker HA, et al. 5 

Verapamil versus digoxin and acute versus routine serial cardioversion for the improvement of 
rhythm control /or persistent atrial fibrillation. J Am Coll Cardiel 2006;48:1001-9. 

Ahmed S, Rienstra M, Crijns HJ, Links TP, Wiesfeld AC, Hillege HL, et al. Continuous vs 6 
episodic prophylactic treatment with amiodarone for the prevention of atrial fibrillation: a ran
domized trial. JAMA 2008;300:1784-92. 

Verheule S, Tuyls E, Van Hunnik A, Kuiper M, Scholten U, Allessie M. Fibrillatory conduction 7 
in the atrial free walls of goats in persistent and permanent atrial fibrillation. Circ Arrhythm 
Electrophysiol 2010;3:590-9. 

De Jong AM, Maass AH, Oberdorf-Maass SU, Van Veldhuisen DJ, Van Gilst WH, Van 8 
Gelder IC. Mechanisms of atrial structural changes caused by stretch occurring before and 
during early atrial fibrillation. Cardiovasc Res 2011;89:754-65. 

Kirchhof P, Bax J, Blomstrom-Lundquist C, Calkins H, Camm AJ, Cappato R, et al. Early and 9 
comprehensive management of atrial fibrillation: proceedings from the 2nd AFNET/EHRA 
consensus conference on atrial fibrillation entitled 'research perspectives in atrial fibrillation'. 
Europace 2009;11:860-85. 

Van Gelder IC, Tuinenburg AE, Schoonderwoerd BS, 11eleman RG, Crijns HJ Pharmacologic 10 
versus direct-current electrical cardioversion of atrial flutter and fibrillation. Am J Cardiol 
1999;84:147R-51R. 

11eleman RG, Van Gelder IC, Crijns HJ, De Kam PJ, Van Den Berg MP, Haaksma J, et al .  Early 11 
recurrences of atrial fibrillation after electrical cardioversion: a result of fibrillation-induced 
electrical remodeling of the atria? J Am Coll Cardiol 1998;31:167-73. 

11eleman RG, Van Gelder IC, Bosker HA, Kingma T, Wilde AA, Kirchhof CJ, et al. Does fie- 12 
cainide regain its antiarrhythmic activity after electrical cardioversion of persistent atrial fibrilla-
tion? Heart Rhythm 2005;2:223-30. 

Cosio FG, Aliot E, Botto GL, Heidbuchel H, Geller CJ, Kirchhof P, et al. Delayed rhythm 13 
control of atrial fibrillation may be a cause of failure to prevent recurrences: reasons for 
change to active antiarrhythmic treatment at the time of the first detected episode. Europace 
2008;10:21-7. 

Wann LS, Curtis AB, January CT, Ellenbogen KA, Lowe J E, Estes NA,3rd, et al. 2011 ACCF/ 14 
AHA/HRS Focused Update on the Management of Patients With Atrial Fibrillation (Updating 
the 2006 Guideline): A Report of the American College of Cardiology Foundation/American 
Heart Association Task Force on Practice Guidelines. J Am Coll Cardiel 2011;57:223-242. 

Camm AJ, Kirchhof P, Lip GY, Scholten U, Savelieva I, Ernst S, et al. Guidelines for the man- 15 

agement of atrial fibrillation: the Task Force for the Management of Atrial Fibrillation of the 
European Society of Cardiology (ESC). Europace 2010;12:1360-420. 

Role of 1nllammalion 1n early atrial librillat1on recurrence 33 



16 Kirchhof P, Auricchio A, Bax J ,  Crijns H, Camm J,  Diener HC, et al . Outcome parameters 
for trials in atrial fibrillation: recommendations from a consensus conference organized by 
the German Atrial Fibrillation Competence NETwork and the European Heart Rhythm 
Association. Europace 2007;9:1006-23. 

17  Van Noord T, Van Gelder IC ,  Crijns HJ. How to  enhance acute outcome o f  electrical cardio
version by drug therapy: importance of immediate reinitiation of atrial fibrillation. J Cardiovasc 

Electrophysiol 2002;13:822-5. 

18 Lang RM, Bierig M, Devereux RB, Flachskampf FA, Foster E, Pellikka PA, et al. Recommendations 
for chamber quantification. Eur J Echocardiogr 2006;7:79-108. 

19 Patton KK, El l inor PT, Heckbert SR, Christenson RH, DeFilippi C, Gottdiener JS, et al. N-ter
minal pro-B-type natriuretic peptide is a major predictor of the development of atrial fibrilla
tion: the Cardiovascular Health Study. Circulation 2009;120:1768-74. 

20 Japp AG, Newby DE. The apelin-APJ system in heart failure: pathophysiologic relevance and 
therapeutic potential. Biochem Pharmacol 2008;75:1882-92. 

21 Kempf T, Eden M, Strelau J, Naguib M, Willenbockel C, Tongers J, et al. The transforming 
growth factor-beta superfamily member growth-differentiation factor-15 protects the heart 
from ischemia/reperfusion injury. Circ Res 2006;98:351-60. 

22 Lin CS, Pan CH. Regulatory mechanisms of atrial fibrotic remodeling in atrial fibrillation. Cell 

Mal Life Sci 2008;65:1489-508. 

23 Marcus GM, Smith LM, Ordovas K, Scheinman MM, Kim AM, Badhwar N, et al . 

lntracardiac and extracardiac markers of inflammation during atrial fibrillation. Heart Rhythm 
2010;7:149-54. 

24 Patel P, Dokainish H, Tsai P, Lakkis N.  Update on the association of inflammation and atrial 
fibrillation. J Cardiovasc Electrophysiol 2010;21:1064-70. 

25 Lau DH, Mackenzie L, Kelly DJ, Psaltis PJ, Worthington M, Rajendram A, et al. Short-term 
hypertension is associated with the development of atrial fibrillation substrate: a study in an 
ovine hypertensive model. Heart Rhythm 2010;7:396-404. 

26 Schnabel RB, Larson MG, Yamamoto JF, Kathiresan S, Rong J, Levy D, et al. Relation of mul
tiple inflammatory biomarkers to incident atrial fibrillation. Am J Cardiol 2009;104:92-6. 

27 Schnabel RB, Larson MG, Yamamoto JF, Sullivan LM, Pencina MJ, Meigs JB, et al. Relations 

of biomarkers of distinct pathophysiological pathways and atrial fibrillation incidence in the 
community. Circulation 2010;121:200-7. 

28 Conen D, Ridker PM, Everett BM, Tedrow U B, Rose L, Cook NR, et al .  A multimarker 
approach to assess the influence of inflammation on the incidence of atrial fibrillation in 
women. Eur Heart J 2010;31:1730-6. 

29 Smith JG, Newton-Cheh C, Almgren P, Struck J, Morgenthaler NG, Bergmann A, et al. 
Assessment of conventional cardiovascular risk factors and multiple biomarkers for the pre
diction of incident heart failure and atrial fibrillation. J Am Coll Cardiol 2010;56:1712-9. 

30 Li J, Salus J, Chen 0, Rho YH, Milne G, Stein CM, et al .  Role of inflammation and oxidative 

stress in atrial fibrillation. Heart Rhythm 2010;7:438-44. 

31 Liu T, Li G, Li L, Korantzopoulos P Association between C-reactive protein and recurrence 

of atrial fibrillation alter successful electrical cardioversion: a meta-analysis. J Am Coll Cardiol 
2007;49:1642-8. 

32 Shin SY, Na JO, Lim HE, Choi CU, Choi J I ,  Kim SH et al. Improved Endothelial Function in 
Patients with Atrial Fibrillation through Maintenance of Sinus Rhythm by Successful Catheter 

Ablation. J Cardiovasc Electrophysiol 2010; doi:10.1111/j.1540-8167.2010,01919.x. 

33 Psychari SN, Apostolou TS, Sinos L, Hamodraka E, Liakos G, Kremastinos DT Relation of 
elevated C-reactive protein and interleukin-6 levels to left atrial size and duration of episodes 

in patients with atrial fibrillation. Am J Cardiol 2005;95:764-7. 

34 Chapter 2 



Masson S, Aleksova A, Favero C, Staszewsky L, Bernardinangeli M, Belvito C, et al. 34 

Predicting atrial fibrillation recurrence with circulating inflammatory markers in patients in 

sinus rhythm at high risk for atrial fibrillation: data from the GISSI atrial fibrillation trial. Heart 

2010;96:1909-14. 

Schnabel RB, Sullivan LM, Levy D, Pencina MJ, Massaro J M, Dt\gostino RB S, et al. 35 

Development of a risk score for atrial fibrillation (Framingham Heart Study): a community-
based cohort study. Lancet 2009;373:739-45. 

Heeringa J, Kors JA, Hofman A, Van Rooij FJ, Witteman JC. Cigarette smoking and risk of 36 

atrial fibrillation: the Rotterdam Study. Am Heart J 2008;156:1163-9. 

Kinoshita M, Herges RM, Hodge DO, Friedman L, Ammash NM, Bruce CJ, et al. Role 37 

of smoking in the recurrence of atrial arrhythmias after cardioversion. Am J Cardiol 

2009;104:678-82. 

Mayyas F, Niebauer M, Zurick A, Barnard J, Gillinov AM, Chung MK, et al. Association of left 38 

atrial endothelin-1 with atrial rhythm, size, and fibrosis in patients with structural heart disease. 

Circ Arrhythm Electrophysiol 2010;3:369-79. 

Kato K, Fujimaki T, Yoshida T, Oguri M, Yajima K, Hibino T, et al. Impact of matrix metallopro- 39 

teinase-2 levels on long-term outcome following pharmacological or electrical cardioversion 
in patients with atrial fibrillation. Europace 2009;11:332-7. 

Kim SK, Pak HN, Park JH,  Ko KJ, Lee JS, Choi J I ,  et al. Clinical and serological predictors for 40 

the recurrence of atrial fibrillation after electrical cardioversion. Europace 2009;11:1632-8. 

De Vos CB, Pisters R, Nieuwlaat R, Prins MH, 11eleman RG, Coelen RJ, et al. Progression 41 

from paroxysmal to persistent atrial fibrillation clinical correlates and prognosis. J Am Coll 

Cardiol 2010;55:725-31. 

Knackstedt C, Gramley F, Schimpf T, Mischke K, Zarse M, Plisiene J, et al. Association of 42 

echocardiographic atrial size and atrial fibrosis in a sequential model of congestive heart fail-

ure and atrial fibrillation. Cardiovasc Pathol 2008;17:318-24. 

Roy D, Talajic M, Dorian P, Connolly S, Eisenberg MJ, Green M, et al. Amiodarone to prevent 43 

recurrence of atrial fibrillation. Canadian Trial of Atrial Fibrillation Investigators. N Engl J Med 
2000;342:913-20. 

Nieuwlaat R, Prins MH, Le Heuzey JY, Vardas P E, Aliot E, Santini M, et al. Prognosis, disease 44 

progression, and treatment of atrial fibrillation patients during 1 year: follow-up of the Euro 
Heart Survey on Atrial F ibrillation. Eur Heart J 2008;29:1181-9. 

Sicouri S, Gianetti B, Zygmunt AC, Cordeiro JM, Antzelevitch C. Antiarrhythmic 45 

Effects of Simvastatin in Canine Pulmonary Vein Sleeve Preparations. J Am Coll Cardiol 
2011;57:986-96. 

Negi S, Shukrullah I, Veledar E, Bloom HL, Jones DP, Dudley SC. Stalin Therapy for the 46 

Prevention of Atrial F ibrillation Trial (SToP AF trial). J Cardiovasc Electrophysiol 2010;doi:10.1111/ 

j.1540-8167.2010.01925.x. 

Dernellis J, Panaretou M. Relationship between C-reactive protein concentrations during glu- 47 

cocorticoid therapy and recurrent atrial fibrillation. Eur Heart J 2004;25:1100-7. 

Rienstra M, Van Gelder IC. Are glucocorticoids a treatment or a risk factor? Nat Rev Cardiol 48 
2010;7:122-3. 

Role of 1nflammat1on in early atrial fibrillation recurrence 35 



36 



I S  3 
A FAC T O R 
R E C U R R E N T  

F I B R I L L AT I O N 

Marcelle D Smit, Isabelle C Van Gelder. 

Europace 2009i 1 1 :  138-9 

Is 1nflammation a risk factor for recurrent atrial fibrillation? 37 



38 Ch,,pter3A 



Atrial fibrillation (AF) poses an important problem in clinical practice. 
Restoration and maintenance of sinus rhythm (i.e. secondary prevention of 
AF) is difficult to achieve. 1 This has led to the fact that acceptance of AF in 
combination with adequate rate control has become a satisfactory alternative 
in the management of AF. However, the economic burden due to AF remains 
high, and morbidity and mortality in patients with AF are still substantial. It 
would thus seem logical to find methods to prevent AF to ever develop (i.e. 
primary prevention of AF), and consequently; patients at risk of developing 
AF must be identified to be able to implement preventative strategies. 

Well-known predictors of AF include age, hypertension, valvular disease, 
myocardial infarction, diabetes mellitus, and congestive heart failure. 2 There 
are, however, patients with AF with no known underlying disease, classified 
as 'lone AF'. The question remains whether lone AF in fact is truly lone, and 
whether there are other risk factors involved in AF. Less well-known risk fac
tors for AF have increasingly been coming to attention, including sleep apnea, 
alcohol or other intoxication abuse, excessive physical activity, latent hyper
tension (i.e. diastolic dysfunction), genetic factors, obesity or body mass index 
(BMI), and inflammation.3 

Inflammation has been linked to a variety of cardiovascular conditions, 
including coronary artery disease, diabetes mellitus, and hypertension, and 
the association between inflammation and AF is increasingly being substanti
ated.4-5 The exact mechanism relating inflammation with AF is still unknown, 
and it is also unclear whether inflammation is an initiator or rather a conse
quence of AF. The existence of post-operative AF would suggest that inflam
mation precedes AF, as surgery causes a strong inflammatory process which 
involves complement activation and release of pro-inflammatory cytokines. 
Indeed, it has been reported that markers of inflammation post-operatively 
are associated with the development of AF. In non-operative AF, there is also 
increasing evidence that inflammation plays a prominent role in the etiology 
and maintenance of AF. Histological studies have shown inflammatory infil
trates and fibrosis in the atria which were not found in controls, even in patients 
with lone AF in whom inflammation cannot be attributed to other cardiovas
cular conditions. One of the possible mechanisms causing inflammation and 
fibrosis in the atria involves the renin-angiotensin-aldosterone (RAAS) sys
tem, through angiotensin-11.6 Increased expression of angiotensin-11, which 
has been observed in AF, causes increased production of pro-inflammatory 
cytokines, adhesion molecules, and selectins. On the other hand, inflamma
tion itself stimulates angiotensin-11 production. 

Markers of inflammation include interleukin (IL)-6, tumor necrosis fac
tor (TNF)-a, transforming growth factor (TGF)-B, and IL-8.4•5 Interleukin-
6 is a primary cytokine that stimulates the synthesis of acute phase proteins 
such as C-reactive protein and fibrinogen. Various studies have demonstrated 
increased levels of IL-6 in both patients with persistent and paroxysmal AF 
when compared with controls. Increased levels ofTNF-a and TGF-B have also 
been observed in AF, but evidence has not been as strong. The acute phase 
protein C-reactive protein has more frequently been investigated using the vas-
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cular marker high-sensitivity (hs)-C-reactive protein. Levels of hs-C-reactive 
protein have been demonstrated to be higher in patients with AF compared 
with patients in sinus rhythm, and also to be higher in those with persistent 
AF compared with paroxysmal AF, both having higher levels than controls. 
Furthermore, hs-C-reactive protein has been shown to be correlated with a 
success rate of electrical cardioversions. Fibrinogen is less well established as a 
marker of inflammation in AF. There is also growing evidence that white blood 
cell (WBC) count, not difficult to assess, is elevated in patients with AF. 

Although it seems exciting that these markers of inflammation are shown 
to be increased in AF, it is still unknown whether these relations are mere 
associations or whether they say something about the pathophysiology of AF, 
implying that they could be used to identify patients at risk for AF or to iden
tify patients in whom therapy for AF will be successful. The paper by Letsas 
et al.7 provides a valuable contribution. In this study, clinical parameters and 
markers of inflammation, including hs-C-reactive protein, WBC count, and 
fibrinogen, were determined in 72 consecutive patients with paroxysmal or 
persistent AF prior to pulmonary vein isolation (PVI). The authors aimed 
to investigate whether these clinical parameters and markers of inflamma
tion could be related to success of PVI. After a period of 12.5 ± 5.7 months, 
28 patients (39%) had a recurrence of AF. Patients with recurrence of AF 
more often had the classical risk factors of hypertension, increased left atrial 
diameter (LAD) and reduced left ventricular ejection fraction, the less well 
known risk factor of increased BMI, and furthermore, they had an increased 
left ventricular end-diastolic diameter. In addition, patients with recurrence 
of AF less often used statins, and WBC count and hs-C-reactive protein levels 
(not fibrinogen) were elevated when compared with patients who remained 
in sinus rhythm. In univariate Cox proportional hazard regression analysis, all 
these variables except for statin use were significantly associated with recur
rence of AF. After multivariate analysis, only hypertension, LAD, and WBC 
count remained independent predictors of recurrence of AF after PVI. 

The present study had a retrospective design with a small number of 
patients, but it teaches us some interesting lessons and also raises new ques
tions. First, hypertension remains to be the most important risk factor for AF 
and may also be an important predictor of failure of PVI, as demonstrated in 
the present analysis. However, no data were provided concerning the actual 
baseline blood pressures in these patients, and perhaps these patients could 
have been treated more adequately for their hypertension which may conse
quently have reduced the recurrence of AF after PVI. Second, the study shows 
that a simple diagnostic tool, i.e. WBC count, may be a possible predictor of 
success rate of PVI. WBC count, therefore, may potentially be a factor to be 
used for better selection of eligible candidates in order to improve the success 
of PVI and other rhythm control strategies. The other two markers of inflam
mation that were studied did not predict the success rate of PVI: fibrinogen 
was not associated with recurrence of AF, but until now fibrinogen has not 
been well established in association with AF. In addition, hs-C-reactive pro
tein was not an independent predictor of recurrence of AF, in contrary to 
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most previous studies. However, patients with AF recurrence actually did have 
significantly higher baseline hs-C-reactive protein levels in the present analy
sis. The fact that hs-C-reactive protein lost its predictive value in multivariate 
analysis may be a consequence of the small patient numbers. The third inter
esting observation was that patients with a recurrence of AF had a significantly 
higher BMI, although this was not confirmed by multivariate analysis, possibly 
again due to small patient numbers. Obesity has previously been described as 
a risk factor for AF.3 Several mechanisms have been postulated to explain why 
obesity may lead to AF, including left atrial enlargement and chronic low-grade 
inflammation. In fact, Letsas et al. mention that in their study cohort, BMI 
was significantly correlated with increased LAD and increased inflammation, 
as expressed by elevated WBC count and hs-C-reactive protein levels. 

One question that arises is that if indeed inflammation predisposes to AF, 
will patients with increased inflammatory markers benefit from therapeutic 
interventions targeted against processes of inflammation? Statins have been 
shown to have anti-inflammatory and anti-fibrotic effects and have been asso
ciated with a decrease in (recurrence of) AF, either post-operatively, after 
electrical cardioversion, and in paroxysmal AF, as demonstrated by various 
retrospective or small observational studies.6•8 Other promising drugs in the 
prevention of AF are RAAS blockers, i.e. angiotensin-converting enzyme 
inhibitors, angiotensin receptor blockers, and aldosterone receptor antago
nists.9 Furthermore, anti-inflammatory agents such as glucocorticoids, poly
unsaturated fatty acids, and vitamin C could also prevent AF. In the present 
study, patients with sinus rhythm at follow-up more frequently used statins, 
but statin use did not predict the recurrence of AF in multivariate analysis. 
The use of RAAS blockers was not different in patients with and without a 
recurrence of AF. Perhaps the number of patients was too small to detect 
differences, but it is also conceivable that RAAS blockade and statin use is 
predominantly effective in patients with an increased inflammatory status. 
A totally different therapeutic option that seems to have been underestimated 
so far in the prevention of AF is exercise: moderate physical activity has been 
shown to decrease the incidence of AF, which may be explained by inducing 
and maintaining weight loss, improving glucose control, improving men
tal well-being, and lowering systemic inflammation, amongst other possible 
mechanisms. 10 

Due to the small number of patients and the retrospective nature of the 
present study, the results should be interpreted with caution. However, the 
study is of additional value with regard to our current knowledge of risk factors 
for AF and predictors of success of therapy for AF. Obviously, future research 
is desired to further elucidate which patients are at risk for AF, which patients 
benefit most from therapies against AF, and which therapies are most effective 
in the prevention of (recurrence of) AF. 
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Several randomized clinical trials have demonstrated that with regard to 
prognosis, rate control is not inferior to rhythm control in atrial fibrillation 
(AF).1 This has led to the development that restoration of sinus rhythm is no 
longer the treatment objective for every patient presenting with AF. Rhythm 
control remains therapy of choice, however, for symptomatic patients.2 Yet, 
when we interpret the results of the rate vs. rhythm control trials, we should 
keep in mind that rhythm control was never fully successful, meaning that these 
trials compared strategies instead of actual achieved rhythms. Restoration and 
maintenance of sinus rhythm indeed is challenging, even despite strong anti
arrhythmic drugs.3 We still do not know whether true restoration of sinus 
rhythm, preferably without the need for anti-arrhythmic drugs, improves sur
vival in comparison to acceptance of AF. One way to overcome this conun
drum is to investigate the results of new treatment options. On the other hand, 
we could try to improve the outcome of rhythm control therapy by aiming to 
differentiate those patients in whom rhythm control will be successful from 
those in whom it will not be effective. 

Outcome of rhythm control depends on the severity of AF, in terms of 
electrical and structural remodeling. The extent of remodeling is influenced 
by the duration of AF in addition to clinical factors like age and underlying 
disease including hypertension, congestive heart failure, coronary artery dis
ease, valvular disease, diabetes mellitus, and thyroid disease. Furthermore, less 
well-known risk factors for AF such as obesity, alcohol abuse, excessive sports 
practice, genetic factors, sleep apnea, and inflammation may affect the severity 
of AF.4 The severity of atrial remodeling is probably reflected through differ
ent parameters, such as atrial size and function, and circulating biomarkers of 
fibrosis or inflammation. Perhaps these different clinical parameters are useful 
in identifying those patients with AF who are more or less likely to respond to 
rhythm control therapy. 

In the paper in the current issue by Mazza et al., 5 the authors aimed to 
create a useful model that predicts recurrence of AF after successful electri
cal cardioversion, focusing on parameters reflecting sleep apnea (i.e. apnea/ 
hypopnea index) and inflammation (i.e. hs-C-reactive protein). For this study, 
polysomnography was performed the night before electrical cardioversion to 
assess the presence of apnea and/ or hypopnea. Sleep apnea syndrome was 
defined as moderate to severe in the case of � 15 apnea and/ or hypopnea 
events per hour. Furthermore, hs-C-reactive protein was assessed from a blood 
sample taken on the day before electrical cardioversion. These parameters, 
together with other clinical parameters such as gender, age, left atrial diameter, 
AF duration, and ongoing anti-arrhythmic drug therapy, were related to recur
rence of AF within 1 year after successful cardioversion. In total, 158 patients 
had successful cardioversion and were included in the analysis. The authors 
found that apnea/ hypopnea index of � 15, hs-C-reactive protein of > 0.30 
mg/ dL, and ongoing anti-arrhythmic drug therapy were the only independent 
predictors of AF recurrence. They used these three factors along with the fac
tor age to build a predictive risk model for recurrence of AF within 1 year after 
cardioversion. This model would, for example, calculate a risk for AF recur-
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rence of 85% in a 60-year-old patient with apnea/ hypopnea index of� 15, hs
C-reactive protein of> 0.30 mg/ dL, and ongoing antiarrhythmic drug therapy 
when compared with a risk of 2 7% in a 60-year-old patient without these three 
risk factors. 

In the risk model, fairly novel parameters were explored. Sleep apnea has 
previously been recognized to be associated with AF, perhaps due to elevated 
intrathoracic pressures leading to increased atrial stretch or due to intermittent 
hypoxaemia.4•6 In this study, the presence of sleep apnea was thoroughly evalu
ated through overnight polysomnography. We should have our reservations 
regarding the practicality of overnight polysomnography as part of a predic
tion tool, however. Certainly, it is much more arduous than assessment of other 
clinical parameters like echocardiographic measurements or blood analyses. 
Furthermore, it is remarkable that such a large proportion, namely 3 1  % of the 
patients, had an apnea/ hypopnea index of� 15, indicating moderate to severe 
sleep apnea. Does this mean that one-third of patients with persistent AF at 
our outpatient clinic have sleep apnea? Should we systematically assess sleep 
apnea, incorporating it in the standard clinical evaluation of patients present
ing with AF, just like echocardiography and measurement of thyroid function? 
Indeed other studies report on incidences between 10 and 50% depending 
on definitions and diagnostic methods used and on patients selected, keeping 
in mind that these studies concerned relatively small patient numbers.7 Yet, 
more studies are needed to evaluate the prevalence of sleep apnea in AF and 
whether treatment may improve the outcome of a rhythm control strategy in 
these patients. 

The other parameter studied was hs-C-reactive protein. This is an inflam
matory marker that has been observed to be elevated in AF, implying that 
inflammation plays an important role in AF, either as an initiator or as a conse
quence of AF. 8•9 Accordingly, other markers of inflammation are also increased 
in AF, such as white blood cell count, interleukin-6 and -8, tumor necrosis fac
tor-a, transforming growth factor-�, and fibrinogen. When comparing it with 
overnight polysomnography, hs-C-reactive protein is a fairly simple marker to 
assess. The drawback of this marker, however, is that hs-C-reactive protein lev
els can vary widely between patients and even overlap between patients with 
and without AF recurrences, which the authors recognize. Further studies 
investigating the role of hs-C-reactive protein in AF are desired. 

The third marker that was an independent predictor of AF recurrence 
was ongoing anti-arrhythmic drug therapy. This would seem illogical, because 
class I and III anti-arrhythmic drugs are generally more effective in preventing 
recurrence of AF than beta-blockers or non-dihydropyridine calcium chan
nel blockers. On the other hand, we could explain this discrepancy because 
anti-arrhythmic drug use probably reflects a longer history of AF. Specifically, 

a longer history of AF implies that the extent of atrial structural remodeling is 
more advanced, making it more difficult to not only restore but especially to 
maintain sinus rhythm. 10 Unfortunately, the authors only provide data con
cerning the length of the current episode of AF, not of the length of the total 
history of AF. 
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The results of the study should be interpreted in the context of its limita
tions. For instance, it is intriguing that the authors decided to do the analy
ses only on the patients in whom cardioversion was successful, providing a 
selection bias. Shock failure was observed in 5% of the patients. These patients 
probably also had undergone polysomnography and hs-C-reactive protein 
analysis the day before cardioversion. In finding a prediction model that helps 
us choose between rate and rhythm control in AF patients, shock failure is 
just as important as AF recurrences. It would thus have been interesting if the 
authors had provided the results of the polysomnography and hs-C-reactive 
protein analysis in relation to shock failure. 

The prediction model built by the authors is probably far from complete; 
not all possible parameters reflecting the severity of atrial remodeling were 
investigated, such as biomarkers of fibrosis or echocardiographic parameters 
other than left atrial size. Nonetheless, the small patient population would not 
have allowed to explore all these parameters. And even if it would have been 
complete, how should we interpret the calculated risk percentages of a predic
tion model? An 80% risk of recurrence of AF indeed is high, but does that 
mean that we should not apply a rhythm control strategy in such a patient? It 
also means that this patient has a 20% chance of maintaining sinus rhythm at 1 
year, which is not negligible. 

All in all, the present paper by Mazza et al. is much appreciated. Though 
the study population was too small to adequately build a predictive model 
for recurrent AF, this study should rather be perceived as an explorative step 
towards finding new risk factors that may help us predict which patients will 
have recurrences of AF after cardioversion. In due course such risk factors may 
help us to improve the outcome of rhythm control therapy and may ultimately 
help us predict which patients will ever develop AF. 
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ABSTRACT Objectives 

The aim of this study was to evaluate echocardiographic remodeling in 
permanent atrial fibrillation (AF) patients treated with either lenient or strict 
rate control. 

Background 

It is unknown whether in permanent AF, lenient rate control is associated 
with more adverse cardiac remodeling than strict rate control. 

M ethods 

Echocardiography was conducted at baseline and at follow-up in 5 17 
patients included in the RAte Control Efficacy in permanent atrial fibrillation 
II (RACE II) trial. Echocardiographic parameters were compared between 
patients randomized to lenient (n=261) or strict rate control (n=256). 

Results 

Baseline echocardiographic parameters were comparable between patients 
randomized to lenient and strict rate control. Between baseline and follow
up, significant adverse atrial or ventricular remodeling was not observed in 
either group. There were also no significant differences in atrial and ventricular 
remodeling between patients who continuously had heart rates between 80 
and 110 beats per minute and patients who continuously had heart rates < 80 
beats per minute during follow-up. Lenient rate control was not independently 
associated with changes in echocardiographic parameters: mean adjusted 
effect on left atrial size was 1.6 mm (p=0.09) and on left ventricular end-dia
stolic diameter 1.1 mm (p=0.23). Instead1 female sex was independently asso
ciated with adverse remodeling: mean adjusted effect on left atrial size 2.4 mm 
(p=0.02) and on left ventricular end-diastolic diameter 6.5 mm (p<0.0001). 

Conclusions 

Female sex1 not lenient rate control1 seemed to be associated with signifi
cant adverse cardiac remodeling in patients with permanent AF such as those 
enrolled in the RACE II study. 
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Atrial fibrillation (AF) is the most common arrhythmia, its incidence and 
prevalence increasing with age and life expectancy. 1 Nowadays, rate control 
therapy should be the initial approach in elderly patients with mild symp
toms of AF.2-5 The Rate Control Efficacy in Permanent Atrial Fibrillation: a 
Comparison between Lenient versus Strict Rate Control II (RACE II) study 
has recently demonstrated that lenient rate control is not inferior to strict rate 
control in preventing cardiovascular events in patients with permanent AF.6 

However, long-standing AF may result in adverse cardiac remodeling includ
ing atrial enlargement and ventricular dysfunction,7•8 which could lead to 
stroke, heart failure, and other cardiovascular events.9•

10 It is unknown whether 
lenient rate control is associated with more adverse cardiac remodeling than 
strict rate control. The aim of this predefined sub-analysis of the RACE II 
study was therefore to evaluate echocardiographic remodeling in patients with 
permanent AF treated with lenient or strict rate control. 

Patient characteristics and results of the RACE II study have been pub
lished previously.2•1 1  The RACE II study was a randomized multi-center study 
comparing long-term effects of lenient versus strict rate control on morbid
ity and mortality in 614 patients with permanent AF. Patients randomized to 
lenient rate control ( which allowed for a higher heart rate target than strict 
control) had a resting heart rate target < 110 beats per minute. Patients ran
domized to strict rate control had a resting heart rate target < 80 beats per 
minute and a heart rate target during moderate exercise < 110 beats per min
ute. Patients were administered one or more negative dromotropic drugs (i.e. 
beta-blockers, non-dihydropyridine calcium-channel blockers, digoxin) until 
the heart rate target or targets were achieved. Follow-up outpatient visits 
occurred every two weeks until the heart rate target or targets were achieved 
(dose-adjustment phase) and in all patients after 1, 2, and 3 years. Follow-up 
was terminated after a maximum period of 3 years or on June 30, 2009, which
ever came first. The study was approved by the institutional review boards of 
all participating centers. The present pre-defined study included only patients 
in whom echocardiography was conducted at baseline and at end of study; 
patients who died before end of study (n=35) and patients with missing base
line and/ or end of study echocardiograms (n=62) were therefore excluded. 
There were neither statistical differences in baseline echocardiographic param
eters between the included and excluded patients, nor specifically between the 
included patients and those who died before end of study. 

INTRODUCTION 

METHODS 
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Echoca rd iog raphy 

Primary endpoints in this study consisted of measures of structural atrial 
and ventricular echocardiographic remodeling, i.e. changes in left atrial size, 
left atrial volume, and left ventricular end-diastolic diameter. Left ventricular 
ejection fraction was not included as measure of remodeling because it can
not be measured accurately during AF, especially when heart rates are high. 
Two-dimensional transthoracic echocardiography was performed at the local 
hospitals at study entry and at end of follow-up, after a median of 3.0 years 
(inter-quartile range 2.8 to 3.1 years). For left atrial size, the anteroposterior 
dimension was measured from the parasternal long-axis view, taken at end-sys
tole. Left atrial volume was calculated with the ellipsoid model using left atrial 
diameters in parasternal long-axis, left atrial long-axis, and left atrial short-axis 
in the apical four-chamber vieWj 12 and was available in 317  patients. Left 
ventricular end-diastolic diameter was measured in the parasternal long-axis 
view. The echocardiograms were performed in accordance with standard 
recommendations. 12 

Stat i st ica l  a na lys is  

Baseline descriptive statistics are presented as mean ± standard deviation 
or median with inter-quartile range for continuous variables and numbers 
with percentages for categorical variables, as required. We evaluated differ
ences between patients treated with lenient versus strict rate control using 
Chi-square test and Fisher's exact test for categorical data, and Student's t test 
and Mann W hitney-U test for continuous data, dependent on whether data 
were normally distributed. To compare echocardiographic parameters within 
patient groups, paired Student's t test was used for the normally distributed 
data. Changes in echocardiographic parameters were also compared based on 
a per-protocol analysis, i.e. between patients who continuously had resting 
heart rates between 80 and 1 10 beats per minute and patients who continu
ously had resting heart rates < 80 beats per minute during follow-up, after the 
dose-adjustment phase. Patients who converted to sinus rhythm were excluded 
from the per-protocol analysis. Linear regression was conducted to determine 
clinical characteristics related to increase in echocardiographic parameters. 
Univariate linear regression was performed on all patient characteristics, i.e. 
randomization strategy, age, gender, duration of any AF, duration of perma
nent AF, hypertension, coronary artery disease, valvular heart disease, chronic 
obstructive pulmonary disease, diabetes, previous heart failure hospitaliza
tion, body mass index, systolic and diastolic blood pressure, heart rate at end 
of dose-adjustment phase, QRS duration, creatinine, all medications at end 
of dose-adjustment phase, and change in heart rate between baseline and end 
of follow-up. Stepwise multivariable linear regression analysis was conducted 
using all variables with p<0.2 in univariate analysis, randomization strategy, 
and duration of any AF. Additional bootstrap analyses were performed to 
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assess sensitivity of the multivariable models. For bootstrap analysis, auto
mated stepwise variable selection was conducted on 100 bootstrap samples 
using all variables with p<0.2 in univariate analysis. The multivariable models 
included all variables with p<0.05. Analyses were performed with STATA 11.0 
for Windows. In all analyses p<0.05 was considered statistically significant. 

A total of 5 17 patients were included in the study: 261 patients (50.5%) 
had been randomized to lenient rate control, 256 patients ( 49.5%) to strict 
rate control (Table 1). Clinical characteristics were comparable between the 
two groups, except that patients randomized to lenient rate control more often 
had a history of coronary artery disease resulting in more frequent statin use. 
After the dose-adjustment phase, patients randomized to lenient rate control 
less often used beta-blockers, non-dihydropyridine calcium-channel block
ers, and digoxin (Table 1). During the course of the study, heart rates were 
significantly higher in patients randomized to lenient rate control. The mean 
resting heart rate at the end of the dose-adjustment phase was 93±10 beats 
per minute in the lenient rate control group versus 76±12 beats per minute 
in the strict rate control group (p<0.001). After 1 and 2 years and at the end 
of follow-up, the resting heart rates were 83±18, 77±25, and 77±28 beats 
per minute, respectively, in the lenient rate control group as compared with 
72±21, 68±25, and 68±26 beats per minute, respectively, in the strict rate con
trol group (p<0.001 for all comparisons between the two groups). Baseline 
diastolic blood pressure was significantly higher in lenient rate control patients 
and remained higher during the course of the study; at end of study diastolic 
blood pressure was 82±11 mmHg in lenient rate control patients versus 80±11 
mmHg in strict rate control patients (p=0.009). Systolic blood pressures were 
generally similar between the two groups. Body mass index remained stable 
throughout the study: mean body mass index at end of study was 28.4±4.5 
kg/m2 in lenient rate control patients and 28.6±5.0 kg/m2 in strict rate con
trol patients. Thirty-eight patients (7.4%) converted to sinus rhythm during 
follow-up: 20 lenient rate control patients (7.7%) versus 18 strict rate control 
patients (6.8%) (p=0.08). 

Changes i n  echocard iog raph ic  parameters 

Baseline echocardiographic parameters were comparable between 
patients randomized to lenient and strict rate control; left atria were slightly 
dilated, while left ventricular end-diastolic diameters fell within normal ranges 
(Table 2A). At end of follow-up, significant progression of adverse atrial or 
ventricular remodeling was not observed in either group. Furthermore, there 

RESU LTS 
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Table 1. Patient characteristics 

Lenient rate control Strict rate control p-value 

(n=261) (n=256) 

Age - mean±SD - years 68±8 68±9 0.45 

Male sex - no. (%) 174 (66.7) 166 (64.8) 0.66 

Duration of any AF - months 0.27 
Median 15 20 
Inter-quartile range 6-55 5-63 

Duration of permanent AF - months 0.63 

Median 3 2 

Inter-quartile range 1-6 1-5 

Hypertension - no. (%) 172 (659) 153 (59.8) 0.15 

Coronary artery disease - no. (%) 57 (21.8) 37 (14.5) om 
Valvular heart disease - no. (%) 53 (20.3) 55 (21.5) 0.74 

Chronic obstructive pulmonary disease - no. (%) 32 (12.5) 37 (12.3) 0.29 

Diabetes mellitus - no. (%) 32 (12.3) 26 (10.2) 0.45 

Lone AF* - no. (%) 5 (19) 5 (2.0) 0.55 

Previous hospitalization for heart failure - no. (%) 22 (8.4) 27 (10.6) 0.41 

CHADS
2 

score - mean±SD 1.4+1.0 1.4±1.2 0.81 

Symptoms - no. (%) 149 (57.1) 150 (58.6) 0.12 
Palpitations 56 (21.5) 68 (26.6) 0.17 
Dyspnea 91 (349) 92 (359) 0.80 
Fatigue 74 (28.4) 86 (33.6) 0.20 

New York Heart Association functional class - no. (%) 0.74 
I 170 (65.1) 164 (64.1) 
I I  77 (29.5) 79 (309) 
1 1 1  14 (5.4) 13 (5.1) 

Body mass index - mean±SD - kg/m2 28.6±4.7 28.6±4.5 095 

Blood pressure - mean±SD - mmHg 
Systolic 138±19 135±16 0.08 
Diastolic 85±12 82±11 0.005 

Heart rate - mean±SD - beats per minute 
Heart rate at i nclusion 97±13 95+12 0.28 
Heart rate at end of dose-adjustment phase 93±10 76 12 <0.001 
Rate control target achieved - no. (%) 254 (97.3) 168 (65.6) <0.001 

ORS duration - mean+SD - ms 95:L18 94±18 0.61 

Creatinine - mean±SD - umol/L 96-t-23 95.t23 0.60 

Medication at end of dose-adjustment phase - no. (%) 
Beta-blocker 177 (67.8) 201 (78.5) 0.006 
Verapamil/ d i ltiazem 42 (16.1) 97 (379) <0.001 
Digoxin 94 (36.0) 152 (59.4) <0.001 
RAAS inhibitor 142 (54.4) 128 (50.0) 0.32 
Diuretic 109 (41.8) 105 (41.0) 0.86 
Stalin 85 (32.6) 61 (23.8) om 
Vitamin K antagonist 259 (99.2) 253 (98.8) 0.64 
Aspirin 3 (1.2) 3 (1.2) 098 

AF = atrial fibrillation; RAAS = renin-angiotensin-aldosterone system; SD = standard deviation. 

* Lone AF was defined as AF in the absence of cardiovascular disease and extracardiac precipitating causes of AF. 
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were no significant differences in changes in echocardiographic parameters 
between patients randomized to lenient and strict rate control, though there 
was a tendency that lenient rate control was associated with a relative left atrial 
size increase (mean difference in change in atrial size 1.6 mm, p=0.09). There 
were also no differences in echocardiographic remodeling according to per
protocol analysis, i.e. when comparing patients who continuously had resting 
heart rates between 80 and 1 10 beats per minute with patients who continu
ously had resting heart rates < 80 beats per minute after the dose-adjustment 
phase (Table 2B). In the remaining small number of patients with heart rates 
> 1 10 beats per minute during at least one follow-up visit, significant adverse 
remodeling was also not observed (Table 2C). 

Changes in echocardiographic parameters 

Lenient rate control was not independently associated with changes in left 
atrial size (Table 3), though the p-value neared significance, implying that there 
was a slight tendency for an association between lenient rate control and atrial 
size increase (mean adjusted effect 1 .6 mm, p=0.09). Female sex was indepen
dently associated with an increase in left atrial size (mean adjusted effect 2.4 
mm), while valvular heart disease, body mass index, and renin-angiotensin
aldosterone-system (RA.AS) inhibitor use were associated with left atrial size 
decrease. Bootstrap analysis demonstrated similar results (data not shown). 
Conversion to sinus rhythm was not associated with changes in atrial size but 
the number of patients converting to sinus rhythm was very small. 

Clin ical factors associated with changes i n  
ventricular end-diastolic diameter 

Lenient rate control did not independently influence changes in left ven
tricular end-diastolic diameter (Table 3). Again, female sex was associated with 
adverse left ventricular remodeling (mean adjusted effect 5.9 mm) . Valvular 
heart disease, previous hospitalization for heart failure, body mass index, and 
RA.AS inhibitor use were independently associated with a decrease in left ven
tricular end-diastolic diameter (Table 3) .  Bootstrap analysis demonstrated 
similar results (data not shown). Conversion to sinus rhythm was not associ
ated with changes in ventricular end-diastolic diameter taking into account the 
small number of patients converting to sinus rhythm. 
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Table 2A. Echocardiographic parameters according to randomization strategy 

Echocardiographic parameter - Lenient rate control Strict rate control 

mean±SD Baseline End of study l::. (95% CI) Baseline End of study l::. (95% CI) 

LA size mm 46.4±6.6 47.b:6.6 0.8 (-0.5-2.0) 46 .1 ..-7.2 45.3 �6.8 -0.8 ( -2.1-0.5) 
LA volume - ml (n=317) 71 .7-:r:.26.6 76.7±249 5.0 (-0.7-10.6) 72fa-27.5 74 .3.::::25.5 1 .7 (-4 .4-7.7) 
LV end-diastolic diameter - mm 51.1.::::7.4 50.8±69 -0.3 (-1.6-1.0) 51.5±7.4 50.1±6.7 -1.4 (-2.7- -0.1) 

Cl = confidence interval; LA = left atrial; LV = left ventricular; SD = standard deviation; 6 = change between baseline and end of study. 

Table 2B. Echocardiographic parameters according to resting heart rate during all follow-up v1s1ts after the dose-adiustment phase 

Echocardiographic parameter - Heart rate 80 - 110 bpm (n=329) Heart rate < 80 bpm (n=120) 

mean±SD Baseline End of study l::. (95% CI) Baseline End of study 

LA size - mm 46.2±6.8 46 8±6 .7 0.6 (-0.5-1.7) 45.8±7.7 449±7.3 
LA volume - ml 72.4±26.1 76 .2±-24.5 3 .7 (-1.3-8.8) 69.3±30.3 74.6±27.6 

LV end-diastolic diameter - mm 51.2±7.5 50.5+7.0 -0.7 (-19-0.5) 51.6-7.3 499+6.8 

Cl = confidence interval; LA = left atrial; LV = left ventricular; SD = standard deviation; ti = change between baseline and end of study. 

Table 2C. Echocardiograph1c parameters in patients with heart rate > 110 bpm during at least one follow-up v1s1t 

Echocardiographic parameter -
mean±SD 

LA size - mm 

LA volume - ml 

LV end-diastolic diameter - mm 

Heart rate > 110 bpm (n=32) 

Baseline End of study l::. (95% CI) 

48.1±7.6 45.2+5.0 -29 (-6.8-09) 

82.0±28.8 76 .5+22.4 -5.5 (-24.2-13 .1) 

50.4±6.5 50.7::::5.0 0.3 (-2.7-3.3) 

Cl = confidence interval; LA = left atrial; LV = left ventricular; SD = standard deviation; ti = change between baseline and end of study. 

l::. (95% CI) 

-09 (-3.0-1.1) 
5.2 (-4.2-14.6) 

-1 .7 (-3.7-0.2) 

Lenient vs. strict rate control 

Difference in l::. p-value 

(95% CI) 

1.6 (-0.3-3 .4) 0.09 

3.2 (-5.0- 1 1 .5) 0.88 
1.1 (-0.8-3.0) 0.24 

80 - 110 bpm vs. < 80 bpm 

Difference in l::. p-value 
(95% CI) 

1 5 (-0.8-3.8) 0.19 

1.5 (-11 .5-8.6) 0.77 

1 .1 (-1 .3-3 .4) 0.37 



Left atr ia l  volume 

In  317 patients left atrial volume was available a t  baseline and follow-up. 
Baseline characteristics were comparable with the 517 patients of the present 
study (data not shown). There were no significant differences in left atrial vol
umes between patients randomized to lenient and strict rate control (Table 
2A). During follow-up, left atrial volume had increased by 5.0 mL in the 
lenient rate control group and 1.7 mL in the strict rate control group (p=ns). 
There were no significant differences in changes in left atrial volume between 
both groups. Similar results were observed with per-protocol analysis (Table 
2B). Lenient rate control was not independently associated with left atrial vol
ume increase (Table 3 ). Instead, female sex was independently associated with 
an increase in left atrial volume, while body mass index was associated with left 
atrial volume decrease. Bootstrap analysis demonstrated similar results ( data 
not shown). 

The present analysis of the RACE II study suggests that stringency of 
rate control is not associated with significant adverse cardiac remodeling in 
patients with permanent AF. Instead, female sex seems to be related to adverse 
cardiac remodeling, whereas treatment with RAAS inhibition and increased 
baseline body mass index are associated with reverse atrial and ventricular 
remodeling. 

I nf luence of rate contro l  strategy on atr ia l  
and  ventricu lar  remode l i ng 

Overall, we did not observe significant adverse atrial or ventricular remod
eling during three year follow-up in these patients with permanent AF. More 
importantly, lenient rate control did not cause significant adverse atrial and 
ventricular remodeling as compared with strict rate control. There was a non
significant tendency that lenient rate control was associated with a slight left 
atrial size increase. This tendency was not observed regarding left atrial vol
ume, generally considered a more accurate measure ofleft atrial size because of 
asymmetric remodeling of the left atrial chamber.12 The most essential finding 
was that lenient rate control did not lead to adverse ventricular remodeling 
in these permanent AF patients. Per-protocol analysis supported the finding 
that lenient rate control does not seem to be associated with adverse remodel
ing, as there were no significant differences in atrial and ventricular remodel
ing between patients with continuous resting heart rates between 80 and 110 
beats per minute and patients with continuous resting heart rates < 80 beats 
per minute after the dose-adjustment phase. Heart rate > 110 beats per min
ute during at least one follow-up visit was also not associated with significant 

D I SCUSS I O N  
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Table 3. Clinical factors associated with changes in echocardiographic parameters 

Unadjusted Multivariable analysis 

B (95% CI) p-value B (95% CI) p-value 

Change in LA size - mm 

Lenient rate control 1.6 (-0.3-3.4) 0.09 1.6 (-0.2-3.4) 0.09 

Female sex 1.8 (-0.1-3.8) 0.06 2.4 (0.5-4.3) 0.02 

Duration of any AF 0 (0-0) 098 

Duration of permanent AF -0.1 (-0.3-0) 0.13 

Valvular heart disease -2.2 (-4.4-0.1) 0.06 -3.2 (-5.5- -1.0) 0.005 

Previous heart failure hospitalization -2.1 (-5.2-1.0) 0.18 

Body mass index / kg/m2 -0.4 (-0.6- -0.2) <0.0001 -0.4 (-0.6- -0.2) <0.0001 

Systolic blood pressure 0 (-0.1-0) 0.11 

Diastolic blood pressure -0.1 (-0.2-0.1) 0.08 

RAAS inhibitor -2.8 (-4.7- -1.0) 0.002 -2.1 (-3.8- -0.2) O.Q3 

Stalin -19 (-39-0.1) 0.06 

Change in heart rate 0 (0-0.1) 0.09 

Change in LA volume - % (n=317) 

Lenient rate control 3.3 (-5.0-11.5) 0.43 2.8 (-5.4-109) 0.50 

Female sex 13.1 (4.4-21.8) 0.003 119 (3.2-20.6) 0.008 

Duration of any AF 0 (-0.1-0.1) 0.86 

Body mass index / kg/m2 -19 (-2.8- -1.0) <0.0001 -1.9 (-2.8- -09) <0.0001 

Creatinine / 10 umol/L -1.7 (-3.7-0.2) 0.08 

RAAS inhibitor -9.6 (-17.8- -1.5) 0.02 

Change in heart rate 0 (-0.1-0.2) 0.70 

Change in LV end-diastolic diameter - mm 

Lenient rate control 1.1 (-0.8-3.0) 0.24 1.0 (-0.8-2.8) 0.27 

Age 0.1 (0-0.2) O.Q3 

Female sex 5.8 (39-7.6) <0.0001 6.5 (4.6-8.4) <0.0001 

Duration of any AF 0 (-0.1-0) 0.82 

Valvular heart disease -1.9 (-4.2-0.4) 0.10 -3.8 (-6.0- -1.5) 0.001 

Previous heart failure hospitalization -4.7 (-7.8- -1.6) 0.003 -39 (-69- -0.8) 0,01 

Body mass index / kg/m2 -0.3 (-0.5- -0.1) 0.007 -0.3 (-0.5- -0.1) 0.004 

ORS duration / 5 ms -0.4 (-0.7- -0.2) 0.001 

Creatinine / 10 umol/L -0.3 (-0.8-0.1) 0.10 

Verapamil/ diltiazem 1 .6 (-0.5-3.8) 0.13 

Digoxin -1.6 (-3.4-0.3) 0.10 

RAAS inhibitor -3.3 (-5.2- -1.5) <0.0001 -2.8 (-4.6- -09) 0.003 

Change in heart rate 0 (0-0) 0.80 

AF = atrial fibril lation; Cl = confidence interval; LA = left atrial; LV = left ventricular; RAAS = renin-angiotensin-aldosterone system. 
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adverse remodeling, though this observation should be interpreted with cau
tion due to the small patient number. 

During follow-up, heart rates differed significantly between patients ran
domized to strict and lenient rate control. Indeed a trial evaluating high and 
low heart rates in AF would ideally bring all patients to the relevant rate tar
gets. However, in the RACE II study and in this sub-analysis the actual average 
difference in heart rates between the two groups during total follow-up was 
approximately 10 beats per minute.6 Most patients were already using rate con
trolling drugs at inclusion which implied that many lenient rate control patients 
started off with heart rates < 1 10 beats per minute. In the strict group the target 
was only achieved in 67% of the patients, whereas in the lenient group it was 
virtually always achieved without much change in therapy. We cannot exclude 
differences between strategies if we would have had more effective means of 
strict rate control, and if we had kept heart rates just below 1 10 in the lenient 
group. 

Previously we have demonstrated that heart rates > 100 beats per minute 
are associated with poor clinical outcome in AF patients. 13 Also in our main 
paper we showed that event rates were similar except for those with heart rates 
> 100 beats per minute in the strict group only. This group, however, consisted 
of only a few patients.6 It may therefore still seem to be uncertain whether 
heart rates between 100 and 1 10 beats per minute are associated with worse 
outcome. The current analysis at least demonstrates that with regard to adverse 
atrial and ventricular remodeling, there are no differences between a rate con
trol strategy aiming at heart rates < 80 beats per minute and a rate control strat
egy aiming at heart rates < 1 10 beats per minute. 

Previous studies have demonstrated atrial enlargement as a consequence 
of AF in contrast to our study.8• 14•1 5  On the other hand, regarding the ventri
cles, other studies have demonstrated unchanged left ventricular end-diastolic 
diameters in the presence of adequate rate control. 14•15 The absence of sig
nificant adverse remodeling in the present study may be caused by improved 
therapies of associated diseases, such as a more frequent use ofRAAS inhibi
tors. Indeed, we found that RAAS inhibitors were independently associated 
with a decrease in left atrial size and in left ventricular end-diastolic diameter. 
RAAS inhibitors are known to induce reverse ventricular remodeling in heart 
failure.16• 1 7  Regarding atrial remodeling, RAAS inhibitors have been associ
ated with left atrial size decrease in patients with diastolic dysfunction 18 and in 
hypertensive patients. 19 Lack of angiotensin-converting-enzyme inhibitor use 
was independently associated with atrial size increase in a post-hoc analysis of 
the RAte Control versus Electrical cardioversion for persistent AF (RACE) 
study. 14 Reversal of the process of atrial enlargement has been seen after res
toration of sinus rhythm, 20,2 1  though we did not find an association between 
conversion to sinus rhythm and changes in atrial diameters. To our knowledge, 
the present study is the first to observe that RAAS inhibition is associated with 
reverse echocardiographic remodeling in permanent AF patients. 
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Role  of female sex a n d  B M  I 
regard ing cardiac remode l i ng  

Not stringency of rate control, but female sex seemed to  be  associated with 
adverse cardiac remodeling. There is increasing evidence that there are gender 
differences regarding presentation, management and outcome of cardiovascu
lar disease, being disadvantageous for females. Women with AF treated with 
a rhythm control strategy tend to have an adverse outcome compared with 
men.22 Furthermore, women carry an increased stroke risk.23 Though women 
are generally five years older than men when they first present with AF, 24 dif
ferences in outcome of cardiovascular disease may be caused by differences 
in inherent biological factors, especially in post-menopausal women in whom 
potential protective effects of estrogens are absent. For example, gene expres
sion profiles of patients with new-onset heart failure differ between males 
and females.25 In addition, male and female human hearts have significant 
differences in the composition of ion-channel subunits, making females more 
susceptible for arrhythmias associated with repolarization abnormalities.26 

Possible differences in biological factors may explain why females are more 
prone to adverse cardiac remodeling than men. 

In the present study, reverse atrial and ventricular remodeling was asso
ciated with increased baseline body mass index, which at first glance seems 
to be an odd observation. Increased body mass index has been associated 
with slightly larger left ventricular end-diastolic diameters.27 Another study 
observed in a general population that obesity resulted in left atrial volume 
increase after ten years follow-up.28 In the present study, body mass index 
remained stable during the course of follow-up, implying that reverse remodel
ing could not have been caused by a reduction in body mass index. A possible 
explanation for the decrease in atrial and ventricular diameters could be that, 
instead of eccentric remodeling, concentric remodeling took place in patients 
with an increased body mass index.29 

L im itat ions 

Both baseline and end of  study echocardiograms were necessary for the 
present analysis. This means that patients who died before end of study and 
patients with missing baseline and/ or end of study echocardiograms were 
excluded. The extent of adverse cardiac remodeling in those patients is there
fore unknown. However, we believe that this does not create a bias because in 
the main study mortality was comparable between lenient and strict rate con
trol, and baseline characteristics including baseline echocardiographic param
eters in the present analysis were comparable with those of the main study. 
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Conclus ions  

In  patients with permanent AF such as  those enrolled in the RACE II  
study, female sex, not lenient rate control, seemed to  be  associated with signifi
cant adverse cardiac remodeling. 
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ABSTRACT A im 

The aim of this study was to investigate the prognostic value of natriuretic 
peptides and atrial fibrillation (AF) on response to CRT and mortality. 

M ethods and  resu lts 

This study included 338 consecutive CRT patients. Response to CRT was 
defined as a reduction in left ventricular end-systolic volume of� 1S% in the 
absence of death at 6 months follow-up. During follow-up (27±19 months), 
139 patients (41%) had AF, being new-onset in 40 patients (21%). Forty
two patients ( 12%) had permanent AF. Response to CRT was observed in 
1 68 of 302 patients (56%) :  60 of 123 patients (43%) with versus 108 of 179 
patients (60%) without AF (p=0.047).  Low baseline atrial natriuretic peptide 
(ANP) (odds ratio for log2 ANP 0.49, 9S% confidence interval (Cl) 0.35-
0.68, p<0.001 )  and large left ventricular end-systolic volume (odds ratio for 
every SO mL 1 .40, 9S% CI 1 .09-1 .79, p=0.009) were independent predictors 
of response. Neither presence of AF nor increasing AF burden independently 
predicted response. Ninety patients (27%) died; SO patients (36%) with ver
sus 40 patients ( 20%) without AF (log rank p=0.029). Important predictors of 
all-cause mortality were new-onset AF (hazard ratio 8.1 1, 9S% CI 3.31-19.85, 
p<0.001 ), permanent AF (hazard ratio 3.19, 9S% CI 1 .61-6.30, p=0.001 ), and 
baseline N-terminal pro-B-type natriuretic peptide (NT-proBNP) (hazard 
ratio for log2 NT-proBNP 0.77, 9S% CI 0.66-0.90, p=0.001) .  

Conc l us ion 

In patients treated with CRT, lower ANP and larger left ventricular end
systolic volume were independent predictors of response. New-onset AF, per
manent AF and NT-proBNP were independently associated with increased 
all-cause mortality. 
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Atrial fibrillation (AF) is often present in patients with heart failure, its inci
dence increasing with the severity of heart failure. 1 Cardiac resynchronization 
therapy ( CRT) is an accepted non-pharmacological therapy for patients with 
severe heart failure. 2·4 Many patients receiving CRT therefore have or develop 
AF.5 AF may interfere with CRT because it can decrease effective biventricu
lar pacing due to a too fast intrinsic ventricular response.6 It is still uncertain 
whether AF patients benefit from CRT to the same extent as patients with 
sinus rhythm.7·12 Natriuretic peptides such as atrial and N-terminal pro-B-type 
natriuretic peptides (ANP and NT-proBNP) are increased in heart failure and 
are strong predictors of mortality. 13• 14 Plasma levels of natriuretic peptides are 
correlated with the extent of left ventricular dysfunction and may be affected 
by AF.15 The influence of ANP and NT-proBNP in addition to AF on response 
to CRT has not been studied before. Therefore, it was our aim to investigate 
the prognostic value of ANP and NT-proBNP in addition to AF on response 
to CRT and on mortality. 

Pat ient popu lat ion and study protocol 

Consecutive patients who received a CRT device in the University 
Medical Center Groningen from January 2001 to July 2009 were included 
in this single-center prospective observational study. Eligibility criteria for 
CRT were based on the standard guidelines and included New York Heart 
Association functional class III or IV despite optimal pharmacological treat
ment, left ventricular ejection fraction � 35%, left ventricular end-diastolic 
diameter � 55 mm, and QRS duration � 130 ms. Significant dyssynchronywas 
not a prerequisite for CRT implantation, nor was presence of sinus rhythm. 
Our CRT protocol has been described before. 1 1,16 Coronary angiography was 
performed prior to implantation. At baseline and 6 months follow-up patient 
history, physical examination, treadmill cardiopulmonary exercise testing, 
12-lead electrocardiogram, transthoracic echocardiography, and radionuclide 
ejection fraction were examined and blood samples were collected. Baseline 
data were collected at hospital admission prior to CRT implantation. ANP and 
NT-proBNP were analyzed with enzyme-linked immunosorbent assays using 
commercially available kits (R&D systems, Minneapolis, MN, USA). Patients 
gave written informed consent for the biomarker analyses. All patients were 
seen at the outpatient department and for CRT interrogation at baseline and 6-
monthly thereafter. At each CRT interrogation, data were stored both on com
puter disc and in a computerized medical record database of the University 
Medical Center Groningen. To increase response rates, patients underwent 
atrioventricular delay optimization at two weeks post implantation. Effective 
biventricular pacing was assessed by performing treadmill cardiopulmonary 
exercise tests in addition to monitoring device counters. Imperfect biventric
ular stimulation during exercise testing was defined as heart rates exceeding 

INTRODUCTION 

METHODS 
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the upper rate of the device at moderate exercise levels, defined as 25% of the 
maximal achieved exercise duration. 16 AF was carefully monitored during fol
low-up and was treated aggressively with rhythm control including institution 
of amiodarone and electrical cardioversion if required. In case of unsuccessful 
rhythm control, AF was accepted and rate control therapy was instituted aim
ing at effective biventricular pacing. Atrioventricular node ablation for perma
nent AF was performed only if pharmacological rate control therapy failed. 

Echocard iograph ic  eva luat ion 

Transthoracic echocardiography was conducted using a commercially 
available echocardiographic system (VIVID 7, General Electric Vingmed 
Ultrasound, Milwaukee, WI, USA). Images were obtained from the paraster
nal (long- and short-axis) and apical (two- and four-chamber) views and were 
digitally stored for offiine analysis (Echopac 6. 1, General Electric Vingmed 
Ultrasound). Left ventricular end-diastolic and end-systolic volumes were 
measured with the modified biplane Simpson method using the apical two
and four-chamber views. Ventricular dyssynchrony was assessed by inter
ventricular mechanical delay (IVMD), i.e. right ventricular pre-ejection time 
subtracted from left ventricular pre-ejection time, and septal to lateral delay 
using tissue Doppler imaging. An IVMD > 40 ms was considered indicative 
of interventricular dyssynchrony, a septal to lateral delay > 60 ms of intraven
tricular dyssynchrony. PA-TDI interval, the time between initiation of the 
electrocardiographic P-wave in lead II to the .A:. wave on the lateral left atrial 
tissue Doppler tracing, was analyzed in sinus rhythm. 17 

Defi n i t ions of AF and  response 

AF was defined as any AF episode lasting at least 30 seconds as verified 
by electrocardiogram, Holter recording, or device interrogation. History of 
AF was defined as a history of documented AF before implantation. AF dur
ing follow-up was defined as any documented AF episode occurring during 
follow-up. New-onset AF was defined as AF during follow-up occurring in 
patients who did not have a history of AF. Paroxysmal AF was defined as AF 
terminating spontaneously, persistent AF as AF lasting more than seven days 
or requiring termination by cardioversion, and permanent AF as long-stand
ing AF in which cardioversion has failed or has been foregone, i.e. if AF was 
accepted. 18 AF burden was determined by the device and was defined as the 
proportion of time in AF. Average AF burden during overall follow-up was cat
egorized into four groups: less than 0.35% AF burden, i.e. minor paroxysmal 
AF; 0.35%-50% AF burden, i.e. moderate paroxysmal AF; 50%-99% AF bur
den, i.e. long-lasting AF; and, additionally, 100% AF burden, i.e. permanent 
AF during total follow-up (sinus rhythm was never observed). 19 This categori
zation of AF burden was predefined. 
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Response to CRT was the primary endpoint of the study. Response was 
defined as a reduction in left ventricular end-systolic volume of 15% or more 
in the absence of death at 6 months in accordance with current literature20•21 

and was determined by an independent examiner who was blinded to the clini
cal response of the patient. All-cause mortality during total follow-up was the 
secondary endpoint of the study and was carefully documented during follow
up. Duration of follow-up was computed from the time of CRT implantation 
until all-cause mortality or until the date when the last follow-up data were 
obtained, as appropriate. 

Statistica l  ana lysis 

Baseline descriptive statistics are presented as mean ± standard devia
tion or median (inter-quartile range) for continuous variables and numbers 
with percentages for categorical variables, as required. We evaluated differ
ences between groups using Chi-square test and Fisher's exact test for cat
egorical data, and Student's t test and Mann W hitney-U test for continuous 
data, dependent on whether data were normally distributed. To compare data 
within patient groups, paired Student's t test was used for normally distributed 
data and Wilcoxon signed rank test for not normally distributed data. Box plots 
were used to represent biomarker levels: boxes symbolize medians and inter
quartile ranges, whiskers correspond to 5th/95th percentiles. Spearman's cor
relations were used for correlations between biomarkers and clinical variables. 
Cumulative event proportions were calculated using Kaplan-Meier analysis. 
The log-rank test was used to compare groups. Logistic regression analysis 
was conducted to evaluate predictors of response. Cox proportional hazards 
regression analysis was conducted to evaluate predictors of all-cause mortal
ity. All baseline variables were included in the regression analyses including 
echocardiographic parameters and biomarkers. Multivariate analyses were 
performed using all variables with p < 0.1 in univariate analysis. A stepwise 
approach was used. The final multivariate models included all variables with p 
< 0.05. Interactions were investigated. The predictive value of the natriuretic 
peptides regarding response and all-cause mortality was additionally evaluated 
using the c-statistic, a generalization of the area under the Receiver Operator 
Characteristic (ROC) curve. In all statistical analyses p < 0.05 was considered 
statistically significant. 

Baseline characteristics 

A total of 338 CRT patients were included. Mean age was 65±11 years and 
145 patients ( 43%) had a previous history of AF (Table 1). 

RESULTS 
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Table 1. Baseline characteristics at implant 

AF during Sinus rhythm Total p-value 
follow-up during follow- population 
(n=139) up (n=199) (n=338) 

Age - years 65+11 65.t11 65±11 0.88 

Male sex - n (%) 109 (78) 141 (71) 250 (74) 0.12 

History of AF - n (%) 99 (71) 46 (23) 145 (43) <0.001 

Type of AF: - n (%) 
Paroxysmal AF 13 (9) 28 (14) 41 (12) 0.19 
Persistent AF 45 (32) 17 (9) 62 (18) <0.001 
Permanent AF 41 (30) 1 (1) 42 (12) <0.001 

Total AF duration - months 48 (13-114) 39 (11-120) 48 (13-115) 0.81 

AF at implantation - n (%) 66 (48) 8 (4) 74 (22) <0.001 

Current AF duration - months 13 (5-52) 9 (1-10) 12 (4-39) O.Q2 

Non-ischaemic cardiomyopathy - n (%) 71 (51) 98 (49) 169 (50) 0.83 

lschaemic cardiomyopathy - n (%) 68 (49) 102 (51) 170 (50) 0.67 
Previous myocardial infarction 53 (38) 83 (42) 136 (40) 0.51 

Previous cardiac surgery - n (%) 54 (39) 69 (35) 123 (36) 0.43 

Hypertension - n (%) 56 (40) 85 (43) 141 (42) 0.70 

Diabetes - n (%) 32 (23) 44 (22) 76 (23) 0.82 

NYHA class for heart failure: - n (%) 0.73 
I I  15 (11) 17 (9) 32 (10) 
I l l  114 (82) 165 (83) 279 (83) 
IV 10 (7) 17 (9) 27 (8) 

Systolic blood pressure - mmHg 117±19 118±20 118±20 0.61 

Diastolic blood pressure - mm Hg 72±11 71±11 71±11 0.38 

Body mass index - kg/m2 27±4 27±5 27±5 0.63 

Peak VO2 - ml/min/kg 15.0±9.5 15.2±4.5 15.1± 1 7.1 0.82 

Electrocardiogram: 
AF/AFL - n (%) 63 (45) 8 (4) 71 (21) <0.001 
Heart rate - bpm 76±14 74+15 75±15 0.45 
ORS duration - ms 163±31 164+28 164+30 0.76 

Medication: - n (%) 
Beta-blocker 103 (74) 166 (83) 269 (80) 0.04 
ACEi / ARB 130 (94) 180 (91) 310 (92) 0.31 
Diuretic 128 (92) 182 (92) 310 (92) 0.84 
Digoxin 36 (26) 25 (13) 61 (18) 0.002 
Amiodarone 32 (23) 40 (20) 72 (21) 0.52 
Stalin 80 (58) 106 (53) 186 (55) 0.44 
Nitrate 20 (14) 38 (19) 58 (17) 0.26 
Oral anticoagulation 125 (90) 143 (72) 268 (79) <0.001 
Aspirin 27 (19) 52 (26) 79 (23) 0.15 

Echocardiographic parameters: 
LA size, parasternal - mm 52±9 47±7 49±8 <0.001 
LA size, length - mm 72±10 64±9 67±10 <0.001 
LA size, width - mm 53±9 49±8 51±8 <0.001 
LA volume index - ml/m2 52±20 41±14 45±17 <0.001 
RA size, length - mm 63±10 57±9 59±10 <0.001 
RA size, width - mm 49±8 45±8 47±8 <0.001 
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AF was present in 139 patients ( 41 % ) during a mean follow-up of 27±19 
months (inter-quartile range 13-37 months) (Table 1). New-onset AF devel
oped in 40 of 193 patients (21%), which was persistent in 20 patients and 
paroxysmal in 20 patients ( of whom 19 patients had an AF burden < 0.35%). 
Electrical cardioversion was conducted in 15 new-onset AF patients, and 
amiodarone was instituted in 12 patients. At end of follow-up, 30 of the 40 
new-onset AF patients (75%) were in sinus rhythm: 13 of the 20 persistent AF 
patients ( 65 % ) and 17 of the 20 paroxysmal AF patients ( 85 % ) . 

AF patients more often had heart rates exceeding the upper rate of the 
device at moderate exercise than sinus rhythm patients ( 12% of AF patients 
versus 4% of sinus rhythm patients, p=0.02). In these patients beta-blockers 
were first increased to allow optimal biventricular pacing. In 10 patients ( 3%) 
it was necessary to perform atrioventricular node ablation. Distribution of AF 
burden during total follow-up is shown in Figure 1. 

Response to CRT 

Of the 302 patients in whom left ventricular end-systolic volumes could 
be assessed, 168 patients (56%) were responders to CRT at 6 months fol
low-up: 60 of 123 patients ( 43%) with AF during follow-up versus 108 of 179 

Table 1. Baseline characteristics at implant (continued) 

AF during Sinus rhythm 

follow-up during follow-

(n=139) up (n=199) 

Septum - mm 10±2 9±2 
Posterior wall - mm 9±2 9±2 
LV end-diastolic volume - ml 248±102 266±93 
LV end-systolic volume - ml 192±85 209±78 
LV ejection fraction - % 24±9 24±14 
Mitra! valve regurgitation - n (%) 43 (31) 48 (24) 
Tricuspid valve regurgitation - n (%) 12 (9) 15 (8) 
IVMD > 40 ms 39 (28) 75 (38) 
Septa! to lateral delay > 60 ms 38 (27) 84 (42) 

Total 

population 

(n=338) 

9±2 
9±2 

259±97 
202±81 
24±12 
91 (27) 
27 (8) 

114 (34) 
122 (36) 

PA-TDI interval - ms 159 (126-186) 139 (120-161) 140 (120-167) 
Laboratory values: 

eGFR - ml/min/1 .73 m2 59±22 62±21 61±22 
ANP - pg/100 ul 100 (59-165) 83 (43-120) 88 (51-144) 
NT-proBNP - ng/L 1855 1145 1399 

(882-3245) (494-2642) (649-3014) 

Data expressed as mean ± standard deviation or median (inter-quartile range), as required. 

p-value 

0.49 
O.Q3* 
0.14 
009 
091 
0.17 
1 .00 
010 

0.054 
0.007 

017 
O.Q3 

0004 

ACEi = angiotensin converting enzyme inhibitor; AF = atrial fibrillation; AFL = atrial flutter; ANP = atrial natriuretic peptide; ARB = angio
tensin receptor blocker; eGFR = estimated glomerular filtration rate; IVMD = interventricular mechanical delay; LA = left atrial; LV = left 
ventricular; NT-proBNP = N-terminal pro-B-type natriuretic peptide; NYHA = New York Heart Association functional class; RA = right 
atrial; V02 = aerobic capacity. 
* 9.36± 1 .78 mm for AF during follow-up versus 8.95± 1 .57 mm for sinus rhythm during follow-up. 
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sinus rhythm patients (60%) (p=0.047). Nine of the ten patients (90%) who 
had undergone atrioventricular node ablation were responders. Independent 
predictors of response to CRT were lower baseline ANP levels and larger left 
ventricular end-systolic volume (Table 2). The c-statistic for ANP was 0.68. 
Neither presence of AF nor increasing AF burden were independent predic
tors of response. 

A significant decrease in left atrial volume was observed at 6 months only 
in responders with sinus rhythm ( 40± 13 mL/ m2 at baseline versus 34± 1 1  mL/ 
m2 at 6 months, p=0.003) but not in responders with AF (51±18 mL/m2 at 
baseline versus 48± 15 mL/ m2 at 6 months, p=0.08) .  Patients with AF during 
follow-up had higher baseline ANP levels than sinus rhythm patients (Table 1) .  
Non-responders had higher baseline ANP levels than responders only in sinus 
rhythm patients, and ANP decreased at 6 months only in non-responders with 
AF during follow-up (Figure 2A). Baseline ANP was correlated with increased 
left atrial volume index (r = 0.402, p<0.001) and increased left ventricular end
systolic volume (r = 0.219, p=0.044) only in sinus rhythm patients. In patients 
with AF during follow-up, baseline ANP was correlated with increasing AF 
burden (r = 0.409, p=0.038), but not with left atrial or ventricular volumes. 
Baseline NT-pro BNP levels overall were higher in patients with AF (Table 1) .  
A decrease in NT-proBNP levels was only observed in responders with sinus 
rhythm (Figure 2B) . Both in patients with and without AF, non-responders 
had higher follow-up NT-proBNP levels. 

Of all patients who were in sinus rhythm during the first 6 months of fol
low-up, 21 of 82 non-responders (26%) developed AF during further follow
up as compared with 23 of 141 responders ( 16%) (p=0.09).  

Patients with new-onset AF 

No AF <0.35% 0.35-50% 50-90% 100% 
n=199 n=20 n=20 n=57 n=42 

AF burden during follow-up 
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Figure 1. AF burden during total follow-up. 

The distribution of AF burden in new-onset 
AF patients is  shown in dark green. 



All-cause mortality 

During follow-up, 90 patients (27%) died: 50 of 139 patients (36%) 
with versus 40 of 199 patients ( 20%) without AF during follow-up (log rank 
p=0.029). Two of the 10 patients (20%) who had undergone atrioventricu
lar node ablation died during follow-up. Independent predictors of mortal
ity were new-onset AF during the first 6 months, permanent AF ( 100% AF 
burden) during total follow-up, higher baseline NT-proBNP levels, ischaemic 
cardiomyopathy, and lower systolic blood pressure (Table 3) .  The c-statistic 
for NT-proBNP was 0.66. 

We found that lower baseline ANP, but not the presence of AF or increas
ing AF burden, was an independent predictor of response to CRT. New-onset 
AF, permanent AF, and high baseline NT-proBNP were associated with 
increased all-cause mortality. 

Table 2. Predictors of response to CRT 

Variable Univariate analysis 

D ISCUSS ION 

Multivariate analysis 

Odds ratio (95% Cl) p-value Odds ratio (95% Cl) p-value 

Permanent AF in history 0.43 (0.22-0.85 ) 

Systolic blood pressure / 10 mmHg 1.21 (1.06-1.37) 

Diastolic blood pressure / 10 mmHg 1.24 (1.01-1.52) 

Beta-blocker 2.57 (1.42-4.67) 

LA size, length / 10 mm 0.77 (0.61-099) 

LA volume index / 10 ml/m2 0.85 (0.72-0997) 

LV end-diastolic volume / 50 ml 1.22 (1.06-1.40) 

LV end-systolic volume / 50 ml 1.34 (1.13-1.58) 

Septal to lateral delay > 60 ms 1.71 (1.03-2.82) 

Log
2 

ANP - pg/100 ul* 0.56 (0.41-0.76) 

Log
2 

NT-proBNP - ng/L* 096 (0.82-1.12) 

0.015 

0.003 

0.038 

0.002 

0.038 

0.046 

0.005 

0.001 

0.037 

<0.001 

096 

1.40 (1.09-1.79) 0.009 

0.49 (0.35-0.68) <0.001 

AF = atrial fibrillation; ANP = atrial natriuretic peptide; Cl = confidence interval; LA = left atrial; LV = left ventricular. 

* Biomarkers are log
2 
transformed. E.g. an odds ratio of 0.49 of log

2 
ANP implies that a doubling of any ANP value corresponds to an odds 

ratio of 0.49. 
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Prognost ic va l e of A N P  regard inq  response to C RT 

The response rate to CRT of 56% in our study was similar to response rates 
seen in other CRT studies using the same definition.21 Low baseline ANP pre
dicted response. ANP is predominantly produced in the atria, but especially 
in heart failure the ventricles also contribute to ANP secretion. AF instead of 
sinus rhythm may further increase ANP levels in heart failure patients. 15 Low 
ANP may reflect a haemodynamic status still sensitive for reverse remodel
ling and thus for response to CRT. The role of ANP regarding response in 
CRT patients has barely been studied before. In two small studies response 
to CRT was associated with a decrease in ANP.22•23 In one study, low baseline 
ANP was also a predictor of response.23 It is unknown, however, whether these 
studies had included patients with AF, which is a relevant issue. We observed 
that baseline ANP was correlated with increasing left atrial volume and left 

Sinus rhythm Figure 2A. ANP levels in responders 
and non-responders in patients with 
sinus rhythm and patients with AF during 
follow-up. 
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Follow-up = 6 months alter implantation. 

* p < 0.05. 
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ventricular end-systolic volume in sinus rhythm patients, while in patients 
with AF, ANP only correlated with increasing AF burden. Unlike the two pre
vious studies, ANP did not decrease in responders, but it decreased in non
responders with AF during follow-up. This ANP decrease in AF patients may 
be explained by depleting ANP levels during longstanding AF which is seen 
after an acute surge of ANP levels at the start of AF. 24 

Sinus rhythm 
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Figure 2B. NT-proBNP levels in respond
ers and non-responders in  patients with 
sinus rhythm and patients with AF during 
follow-up. 
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I nf l uence of AF on response to C RT 

Previous results concerning the influence of AF on response are con
flicting. Several studies have demonstrated comparable clinical response to 
CRT in sinus rhythm and permanent AF patients, in whom 100% and 15% 
of patients had undergone atrioventricular node ablation.7• 12 In other studies 
only permanent AF patients with atrioventricular node ablation showed simi
lar clinical response to CRT as compared with sinus rhythm patients.25•26 In 
contrast, more non-response has been observed among AF patients despite 
the fact that atrioventricular node ablation was present in 57% of patients.9 In 
our study AF during the first 6 months was not an independent predictor of 
response even though a small number of patients underwent atrioventricular 

Table 3. Predictors of all-cause mortality 

Variable Univariate analysis Multivariate analysis 
Hazard ratio p-value Hazard ratio p-value 

(95% CI) (95% CI) 

Age / 10 years 1.24 (1.01-1.51) 0,038 

Male gender 1.74 (1.02-3.00) 0.044 

AF during follow-up 1.59 (1.05-2.41) 0.030 

New-onset AF 4.43 (2.12-9.27) <0.001 8.11 (3.31-19.85) <0.001 

Permanent AF (100% AF burden) 2.34 (1.32-4.16) 0.004 3.19 (1.61-6.30) 0.001 

Non-ischaemic cardiomyopathy 0.59 (0.38-0.89) 0.013 0.46 (0.26-0.81) 0.007 

Systolic blood pressure / 10 mmHg 0.70 (0.61-0.79) <0.001 0.77 (0.66-090 ) 0.001 

Peak VO2 - ml/min/kg 091 (0.85-097) 0.002 

Beta-blocker 0.57 (0.36-090 ) 0.016 

Oral anticoagulation 2.13 (113-4.00) 0.019 

LA size, parasternal / 10 mm 1.40 (1.08-1.08) 0.011 

LA size, length / 10 mm 1.54 (1.25-1.89) <0.001 

LA volume index / 10 mL/m2 1.24 (1.11-1.39) <0.001 

RA size, length / 10 mm 1.41 (1.15-1 .74) 0.001 

Septum / 10 mm 0.31 (0.10-098) 0.047 

eGFR / 10 mL/min/1.73 m2 0.85 (0.76-094 ) 0.003 

Log
2 

ANP - pg/100 uL* 1.42 (1.11-1.81) 0.005 

Log
2 

NT-proBNP - ng/L * 1.45 (1.24-1.70) <0.001 1.27 (1.07-1 .51) 0.006 

AF = atrial fibrillation; ANP = atrial natrluretic peptide; Cl = confidence interval; LA = left atrial; LV = left ventricular; eGFR = estimated glo
merular filtration rate; LA = left atrial; NT-proBNP = N-terminal pro-B-type natriuretic peptide; RA = right atrial. 

* Biomarkers are log
2 

transformed. E.g. a hazard ratio of 1.27 of log
2 

NT-proBNP implies that a doubling of any NT-proBNP value cor

responds to a hazard ratio of 1 .27. 
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node ablation. This may in part be explained by the aggressive treatment of 
AF in our center, 27-29 as demonstrated by the large proportion of new-onset 
AF patients that were in sinus rhythm during follow-up. On the other hand, 
successful CRT may prevent or reduce AF, as we also observed a trend that 
responders less often developed AF during follow-up. 

A F  and mortality in CRT patients 

Both new-onset AF and permanent AF predicted mortality in our study. 
It is still uncertain whether AF influences mortality in CRT patients. AF may 
increase mortality by further deterioration of heart failure and induction of 
ventricular arrhythmias.30-32 In AF patients without heart failure, mortality is 
high in new-onset AF and in permanent AF.33 In CRT studies AF during fol
low-up and permanent AF have been associated with adverse prognosis.9• 1 2•34 

Other studies have demonstrated comparable survival between permanent AF 
and sinus rhythm patients, 10•35•36 though survival was better in case of atrioven
tricular node ablation.10.36 Survival may have increased in our permanent AF 
patients if atrioventricular node ablation had been performed more often. On 
the other hand, the acceptance of AF may reflect the patients' overall condi
tion, making permanent AF a marker of more advanced underlying disease 
instead of a direct cause of increased mortality.37 

Although AF independently predicted mortality, it was not an inde
pendent predictor of response. This apparently discrepant finding might be 
explained by the difference in follow-up duration between response, defined 
at 6 months, and all-cause mortality, analyzed at 27 months. Six months may 
be too short for AF to influence response to CRT; which is supported by the 
observation that AF patients did not have a reduction in left atrial volume and 
ANP levels at 6 months despite the presence of response. 

Limitations 

This is an observational study which means that no randomization took 
place, it was not powered on mortality, and causality could not be determined. 
The compilation of the multivariate models of response and all-cause mortal
ity may have been different with a larger sample size. Response to CRT may 
have differed if atrioventricular node ablation had been performed in more AF 
patients. Some patients may have been diagnosed with new-onset AF due to 
the monitoring capacities of the device while they could have had unrecog
nized AF before implantation. AF during follow-up was defined as AF being 
present anytime during the total follow-up period, which means that some 
patients did not have AF during the first six months. Natriuretic peptide levels 
may fluctuate according to the presence of AF. This means that the value of 

Prognostic importance of natriuretic peptides and atrial l1brillat1on 1n CRT 77 



FUNDING 

CONFLICT OF 

INTEREST 

natriuretic peptide levels determined at 6 months and changes in these lev
els between baseline and 6-months in the context of ''.AF during follow-up" 
should be interpreted with caution as there may have been an interaction with 
the presence or absence of AF. The study population is relatively large and the 
follow-up duration is substantial1 and we deliberately chose all-cause mortal
ity as one of the outcome parameters because it is a hard endpoint. Our study 
bears an important message1 but the non-randomized observational design 
precludes definite conclusions. Our study generates new hypotheses1 namely 
that ANP may be used in the selection of candidates for CRT and that early 
detection and treatment of new-onset AF may improve outcome in CRT1 

which should be investigated in future studies. 

Conc lus ion 

In  patients treated with CRT1 lower ANP and larger left ventricular end
systolic volume1 but not the presence of AF or increasing AF burden1 were 
independent predictors of response. However, new-onset AF, permanent AF, 
and higher baseline NT-proBNP were associated with increased all-cause 
mortality. 
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ABSTRACT Objectives 

We assessed the prognosis of atrial fibrillation (AF) patients hospi
talized for heart failure based on the time course of AF and heart failure 
development. 

Backg round 

AF and heart failure often co-exist. It  is unknown whether the sequence in 
which AF and heart failure develop is of significance regarding prognosis. 

Methods 

Consecutive AF patients hospitalized for heart failure were included. 
Patients who had developed AF before or at the same time as heart failure 
(''.AF first") were compared with patients who had developed heart failure 
before AF ("heart failure first"). Primary endpoint was a composite of cardio
vascular hospitalization or all-cause mortality. 

Results 

More patients with AF first than with heart failure first were hospitalized 
for AF and heart failure (137 of 182 patients, 75%, versus 45 of 182 patients, 
25% ). The two groups were similar regarding age and gender, but patients with 
AF first less often had coronary artery disease and had higher ejection frac
tions than patients with heart failure first ( 39± 14% versus 32± 13%, p=0.004). 
During 16±11 months follow-up, the primary composite endpoint occurred 
less often in patients with AF first than in patients with heart failure first 
( 49.6% versus 77.7% of patients, p=0.001). Development of AF first remained 
beneficial regarding the primary endpoint on multivariable analysis ( adjusted 
hazard ratio 0.49, 95% confidence interval 0.29-0.82, p=0.007). 

Conclusions 

The majority of patients hospitalized for AF and heart failure consisted of 
patients who had developed AF first. Prognosis in these patients was relatively 
benign as compared to those who had developed heart failure first. 
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Atrial fibrillation (AF) and heart failure often coexist in a reciprocal rela
tionship, the incidence of AF increasing with the severity of heart failure. 1 

AF has been associated with increased mortality in heart failure, though the 
impact of AF on outcome seems to be less important in severe heart failure 
than in mild to moderate heart failure.2-6 Furthermore, it is still uncertain 
whether AF is an independent contributor to an impaired outcome in heart 
failure or whether it is merely a marker of severe disease. Patients hospitalized 
for heart failure constitute a distinct patient category as hospitalization occurs 
frequently in more advanced stages of the disease and may precede adverse 
outcome in terms of readmission and death.7 AF is present in up to one third 
of patients hospitalized for heart failure, and especially new-onset AF seems 
to indicate increased mortality risk in these patients.8- 10 However, the time 
course in which AF and heart failure develop may be a more important marker 
regarding clinical presentation and prognosis than merely new onset-AF itself. 
The temporal relation between AF and heart failure development has been 
shown to be of prognostic value in a general heart failure population, 11 but it is 
unknown whether this also pertains for patients hospitalized for heart failure. 
We therefore assessed the prognosis of AF patients hospitalized for heart fail
ure based on the time course of AF and heart failure development. 

Study population and definitions 

This was a prospective observational study performed in the University 
Medical Center Groningen between September 2007 and September 2010. 
Consecutive patients with persistent or permanent AF hospitalized for heart 
failure were included. Heart failure hospitalization was defined as heart fail
ure necessitating hospitalization and the start of or increase in dose of diuret
ics. 12 Persistent AF was defined as an AF episode lasting longer than seven 
days or requiring termination by cardioversion.13•14 Permanent AF was defined 
as accepted persistent AF, i.e. rhythm control interventions were no longer 
pursued. 13•14 

Patients who had developed AF first were compared with patients who had 
developed heart failure first. ''.AF first" was defined as persistent AF developing 
before or at the same time as heart failure. "Heart failure first" was defined as 
persistent AF developing ( at least two weeks) after heart failure. The chrono
logical sequence of development of persistent AF and heart failure was based 
on the difference between the date of onset of persistent AF ( total persistent 
AF history) and the date of onset of heart failure ( total heart failure history) . 
The onset date of persistent AF was assigned to the date when persistent AF 
was first documented by electrocardiogram, taking signs and symptoms of AF 
into consideration. If there were no (new or worsening of) signs and symptoms 
attributable to AF, then the middle of the date of the last electrocardiographic 
registration of sinus rhythm and first electrocardiographic registration of per-

INTRODUCTION 

METHODS 
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sistent AF was used as date of onset of AF. If there was no previous registration 
of sinus rhythm in the absence of signs and symptoms of AF, then January 1 of 
the calendar year of the first electrocardiographic registration of persistent AF 
was used as date of onset of persistent AF. The onset date of heart failure was 
assigned to the date when heart failure was first documented, i.e. a heart fail
ure hospitalization or left ventricular ejection fraction < 40%, taking signs and 
symptoms of heart failure into consideration. In case of left ventricular ejec
tion fraction < 40% and no (new or worsening of) signs and symptoms attrib
utable to heart failure, then the middle of the date of the last documentation 
of normal left ventricular function and first documentation of left ventricular 
ejection fraction < 40% was used as date of onset of heart failure. If there was 
no previous documentation ofleft ventricular function in the absence of signs 
and symptoms, then January 1 of the calendar year of first detection of left 
ventricular ejection fraction < 40% was used as date of onset of heart failure. If 
hospitalization was the first presentation of heart failure, then the date of the 
first heart failure hospitalization was used as onset date of heart failure. 

Study protocol  

At enrolment, a detailed clinical history was obtained in all patients 
including AF, heart failure, hypertension, coronary artery disease, valvular 
disease, congenital heart disease, and co-morbid conditions such as diabetes 
and chronic obstructive pulmonary disease. Symptoms, physical examina
tion, electrocardiogram, and laboratory values (renal function and N-terminal 
pro-B-type natriuretic peptide (NT-proBNP)) were determined at admis
sion. During admission, the acute precipitating factor leading to the heart 
failure hospitalization was assessed. Cardiac precipitating factors included 
acute coronary syndrome, acute progression of valve dysfunction, and endo
carditis. Non-cardiac precipitating factors included exacerbations of chronic 
obstructive pulmonary disease, pneumonia, and other acute infections. If no 
acute precipitating factor could be found or if the hospitalization was likely 
a consequence of heart failure progression, then the precipitating factor was 
classified as unknown/ progression of heart failure. AF was not defined as a 
precipitating factor because of uncertainty of AF as cause or consequence of 
acute decompensation. Transthoracic echocardiography was conducted in 
a stable phase, before or early after discharge. Medication at admission and 
at discharge was recorded. The medical management of heart failure during 
and after discharge was left at the discretion of the attending cardiologist. 7 

Regarding AF treatment, oral anticoagulation was prescribed as indicated, 13 

and rate control therapy was instituted aiming at a resting heart rate below 100 
beats per rninute.15 Rhythm control was performed in case of complaints and/ 
or in case of deterioration ofleft ventricular function due to AF. 
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Endpoints and follow-up 

Primary endpoint of this study was a composite of cardiovascular hospi
talization or all-cause mortality. Secondary endpoints were ( 1 )  a composite of 
heart failure hospitalization or all-cause mortality, and (2) all-cause mortality. 
Cardiovascular hospitalizations and mortality were prospectively documented 
during follow-up. Cardiovascular hospitalizations were defined as unplanned 
hospitalizations for cardiac reasons including heart failure, acute coronary syn
drome, syncope, sustained ventricular arrhythmias, (in)appropriate implant
able cardioverter-defibrillator shocks, AF, stroke, systemic embolisms, and 
bleeding due to vitamin K antagonist use. Duration of follow-up was com
puted from the time of the heart failure hospitalization at which patients 
were included until death or until the date when the last follow-up data were 
obtained, accordingly. 

Statistical analys is 

Baseline descriptive statistics are presented as mean ± standard devia
tion or median (inter-quartile range) for continuous variables and numbers 
with percentages for categorical variables, as required. We evaluated differ
ences between the two groups using Chi-square test and Fisher's exact test for 
categorical data, and Student's t test and Mann Whitney-U test for continu
ous data, dependent on whether data were normally distributed. Cumulative 
event proportions were calculated using Kaplan-Meier analysis. The log-rank 
test was used to compare groups. Cox proportional hazards regression analy
sis was conducted to evaluate predictors of the primary endpoint. Univariate 
Cox proportional hazards regression analysis was performed on all baseline 
variables shown in Table 1 and on medication at discharge. Stepwise multivari
able hazards regression analysis was conducted using all variables with p<0. l 
in univariate analysis. The final multivariate model included all variables with 
p<0.05. Analyses were performed with STATA 1 1.0 for Windows. In all statis
tical analyses p<0.05 was considered statistically significant. 

Baseline characteristics 

A total of 182 consecutive patients were included: 137 patients (75.3%) 
with AF first, and 45 patients (24.7%) with heart failure first (Table 1). The 
two groups were similar regarding age and gender. In contrast, patients with 
AF first had a borderline significantly longer history of persistent AF (median 
21 .0 versus 5.9 months, p=0.05) and a shorter history of heart failure (median 
0.5 versus 79.6 months, p<0.001) .  Furthermore, they almost half as often 
had a previous admission for heart failure, more often had heart failure with 
preserved ejection fraction, less often had coronary artery disease, a shorter 
QRS duration, and a better renal function than patients with heart failure first 

RESULTS 
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Table 1. Baseline characteristics 

Age - mean_SD - years 

Male sex - no. (%) 

AF characteristics: 
Total AF history - median (IOR) - months 

Total persistent AF history - median (IOR) - months 
First detected AF - no. (%) 

Current type AF: - no. (%) 
Persistent AF 

Permanent AF 

Heart failure characteristics: 
Total heart failure history - median (IOR) - months 

Previous admission for heart failure - no. (%) 
Heart failure with preserved ejection fraction - no. (%) 

Precipitating factor of heart failure hospitalization: - no. (%) 
Unknown/ progression of heart failure 

Acute precipitating factor: 
Cardiac precipitating factor 
Non-cardiac precipitating factor 

CHADS2 score - mean±SD 

Hypertension - no. (%) 

Coronary artery disease: - no. (%) 
Previous myocardial infarction 

Valve dysfunction - no. (%) 

Valve surgery - no. (%) 

Other medical history: 

Diabetes mellitus - no. (%) 
Hypercholesterolemia - no. (%) 
Smoking: - no. (%) 

Previous smoking 
Present smoking 

Chronic obstructive pulmonary disease - no. (%) 

History of transient ischemic attack/ stroke - no. (%) 
History of thyroid disease: - no. (%) 

Hypothyroidism 

Hyperthyroidism 
Previous bleeding due to anti-coagulants - no. (%) 

Symptoms at presentation: 

NYHA class: - no. (%) 
I 

I I  
I l l  
IV  

AF EHRA class: - no. (%) 
I 

I I  
I l l  
IV  
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AF first 
(n=137) 

74-11 

73 (53.3) 

38.3 (2.0-1089) 

21.0 (1.7-84.3) 

51 (37.2) 

84 (61.3) 

53 (38.7) 

0.5 (0-21.0) 

48 (35.0) 

55 (40.2) 

92 (67.2) 

45 (329) 

21 (15.3) 

24 (17.5) 

3±1 

115 (839) 

53 (43.1) 

26 (19.0) 

76 (589) 

20 (14.6) 

37 (27.0) 
50 (36.5) 

43 (34.7) 

14 (11.3) 

32 (23.4) 

25 (18.3) 

15 (11.0) 

10 (7.3) 
5 (3.7) 

4 (3.0) 

37 (28.0) 

56 (42.4) 
35 (26.5) 

31 (369) 

35 (41.7) 

16 (19.1) 

2 (2.4) 

Heart failure first p-value 
(n=45) 

72±9 Q.30 

27 (60.0) 0.43 

15.7 (1.2-69.0) 0.12 

59 (0.4-58.3) 0.05 

13 (289) 0.31 

0.67 

26 (57.8) 

19 (42.2) 

79.6 (22.7-121.6) <0.001 

31 (689) <0.001 

5 (11.1) <0.001 

37 (82.2) 0.05 
8 (17.8) 

3 (6.7) 0.14 
5 (11.1) 

3±1 0.39 

41 (91.1) 0.23 

29 (64.4) 0.01 

23 (51.1) <0.001 

31 (689) 0.24 

6 (13.3) 0.83 

16 (35.6) 0.27 

17 (37.8) 0.88 

0,02 

21 (51.2) 

8 (19.5) 
9 (20.0) 0.64 
5 (11.1) 0.26 

0.69 
3 (6.7) 

3 (6.7) 

1 (2.2) 0.64 

0.88 

2 (4.8) 
11 (26.2) 

16 (38.1) 

13 (31.0) 

0.73 

11 (45.8) 

8 (33.3) 

5 (20.8) 



(Table 1) .  Patients with AF first borderline significantly more often had an 
acute precipitating factor leading to the hospitalization. At discharge, patients 
with AF first less frequently received angiotensin converting enzyme-inhibi
tors or angiotensin receptor blockers, diuretics, and statins (Table 2). There 
were no significant differences regarding AF therapy: rhythm control was 
attempted in 26 patients (19.0%) with AF first and in 7 patients (15.6%) with 
heart failure first (p=0.61) .  Four patients of the AF first and one of the heart 
failure first patients converted to sinus rhythm during hospitalization after 
start of heart failure treatment. 

Fol low-up 

During a mean follow-up of 16± 1 1  months, the primary composite end
point of cardiovascular hospitalization or all-cause mortality occurred in 103 
patients ( 56.6%); less frequent in patients with AF first ( 68 patients, 49 .6%) 
than in patients with heart failure first (35 patients, 77.7%, p=0.001 )  (Figure 
1) .  The secondary endpoints also occurred less often in patients with AF first 
(Figures 2 and 3 ). Cardiovascular hospitalizations in patients with AF first 
included heart failure (n=29, 21 .2%), acute coronary syndrome (n=2, 1 .5%), 
collapse or bradycardia (n=3, 2.2%), ventricular arrhythmias (n=l, 0.7%), 

Table 1. Baseline characteristics (continued) 

AF first Heart failure first 
(n=137) (n=45) 

Physical examination: 
Body mass index - mean±SD - kg/m2 29±6 29±5 
Systolic blood pressure - mean±SD - mmHg 134±26 126±29 
Diastolic blood pressure - mean±SD - mmHg 78±17 73+19 

Electrocardiogram at presentation: 
Heart rate - mean±SD - bpm 109±31 102±29 
ORS duration - mean±SD - ms 112±30 127±29 
OTc duration - mean±SD - ms 483±42 490±50 

Laboratory values: 
eGFR - mean±SD - ml/min/1.73 m2 66±27 57-t26 
NT-proBNP - median (IOR) - ng/L 4221 (2222-6327) 6982 (3226-10981) 

Echocardiogram: 
LA size, parasternal - mean±SD - mm 48±8 50±9 

Indexed - mean±SD - mm/m2 25±4 26±6 
LV end diastolic diameter - mean±SD - mm 52±9 57±10 

Indexed - mean±SD - mm/m2 27±4 30±4 
LV end systolic diameter - mean±SD - mm 41±11 46±11 

Indexed - mean±SD - mm/m2 21±5 24±5 
LV ejection fraction - mean±SD - % 39±14 32±13 

p-value 

097 
0.13 
0.08 

0.23 
0.004 
0.37 

0.05 
0.04 

0.19 
0.16 

0.002 
0.001 
0.002 
0.003 
0.004 

AF = atrial fibrillation; AFL = atrial flutter; eGFR = estimated glomerular filtration rate; EHRA = European Heart Rhythm Association; 
IOR = inter-quartile range; LA = left atrial; LV = left ventricular; NT-proBNP = N-terminal pro-B-type natriuretic peptide; 
NYHA = New York Heart Association; SD = standard deviation. 
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DISCUSS ION 

inappropriate implantable cardioverter-defibrillator shocks (n= 1 ,  0.7%), AF 
(n=3, 2.2%), systemic embolism (n=2, 1.5%), bleeding (n=2, 1.5%), and 
dehydration with electrolyte disturbances (n=2, 1.5%). Cardiovascular hos
pitalizations in heart failure first patients consisted of heart failure (n=20, 
44.4% ), acute coronary syndrome (n=3, 6.7% ), ventricular arrhythmias (n=2, 
4.4%), and inappropriate implantable cardioverter-defibrillator shocks (n=2, 
4.4% ). At end of follow-up, 104 AF first patients (75.9%) and 35 heart failure 
first patients (77.8%) were in AF (p=0.80 ) .  

Predictors of card i ovascu lar  hosp ita l izat ion 
or  a l l -cause mortal ity 

Development of AF first was independently associated with a lower risk 
on the primary endpoint of cardiovascular hospitalization or all-cause mortal
ity (adjusted hazard ratio 0.49, 95% confidence interval 0.29-0.82, p=0.007) 
( Table 3). Other independent predictors of the primary endpoint were pre
vious admission for heart failure and higher baseline NT-proBNP value. 
Angiotensin converting enzyme-inhibitor or angiotensin receptor blocker use 
at discharge was independently associated with a decreased risk on the pri
mary endpoint (Table 3). Bootstrap analysis demonstrated comparable results 
(data not shown). First-detected AF was only univariately associated with a 
decreased risk on the primary endpoint. Rhythm control as primary treatment 
approach for AF was not associated with the primary endpoint ( unadjusted 
hazard ratio 1 .02, 95% confidence interval 0.60-1.73, p=0.93 ).  

The majority of patients hospitalized for AF and heart failure consisted of 
patients who had developed AF first. Prognosis in these patients was relatively 
benign as compared to those who had developed heart failure first. 

Diagnost ic and prog n ost ic  va lue  of the chrono log ica l  
sequence of  AF a n d  heart fa i l u re deve lopment 

In our studYi 75% of consecutive AF patients hospitalized with heart fail
ure consisted of patients who had developed AF before or at the same time 
as heart failure. Similarly, population studies observed that between 59% and 
76% of AF and heart failure patients develop AF before or simultaneously 
with heart failure. 1 1

•
16 Patients with AF first had a more advantageous clini

cal profile and less deleterious outcome than patients with heart failure first. 
The pathophysiological processes leading to heart failure may have been dif
ferent between both groups, being less advanced in AF first patients, which 
may have contributed to their more favorable outcome. In AF first patients, 
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Table 2. Medication at presentation and at discharge 

;:l Medication - no. (%) At presentation At discharge Cl) 

3
° 

AF first (n=137) Heart failure first (n=45) p-value AF first (n=137) Heart failure first (n=45) p-value 

Beta-blocker 86 (62.8) 35 (778) 0.06 108 (78.8) 38 (84.4) 0.41 Cl) 

Q.. 
� ACE-inhibitor/ ARB 74 (54.0) 38 (84.4) <0.001 92 (67.2) 38 (84.4) 0.03 
� 

Aldosterone receptor antagonist 22 (16.1) 14 (31.1) 0.03 54 (39.4) 22 (48.9) 0.26 � 
a, 

� Diuretic 89 (65.0) 34 (75.6) 0.19 110 (80.3) 42 (93.3) 0.04 

[ Verapamil/ dilbazem 15 (11.0) 3 (6.7) 0.40 12 (8.8) 2 (4.4) 0.35 
§[ 
g Dihydropyridine calcium channel blocker 13 (9.5) 1 (2.2) 0.11 4 (2.9) 1 (2.2) 0.80 
Q 

Digitalis 11 (8.0) 4 (8.9) 0.86 33 (24.1) 9 (20.0) 0.57 :r 
IB 
::l. Class I l l  antiarrhythmic drug 11 (8.0) 10 (22.2) 0.01 17 (12.4) 9 (20.0) 0.21 a, 
c 

Vitamin K antagonist 96 (70.1) 36 (80.0) 0.20 129 (94.2) 43 (95.6) 0.72 ii, 
� 

Platelet aggregation inhibitor 30 (21.9) 14 (31.1) 0.21 42 (30.7) 16 (35.6) 0.54 r$ 
0 � Stalin 46 (33.6) 26 (57.8) 0.004 49 (35.8) 28 (62.2) 0.002 
=; 
!!!. Nitrate 18 (13.1) 6 (13.3) 0.97 15 (11.0) 4 (8.9) 0.70 

a_ 
3 

lO 

g 
() ACE = angiotensin converting enzyme; AF = atrial fibrillation; ARB = angiotensin receptor blocker. 0 
3 
Cl) 

� 
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Figure 1. Kaplan-Meier estimates of cardio
vascular hospitalization / all-cause mortal ity. 
AF = atrial fibrillation; HF = heart failure. 

Figure 2. Kaplan-Meier estimates of heart 
failure hospitalization / all-cause mortality. 
AF = atrial fibrillation; HF = heart failure . 
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AF itself may cause or aggravate heart failure through functional changes1 i.e. 
an irregular and rapid rhythm1 loss of atrioventricular synchrony, and loss of 
atrial transport; and structural changes1 i.e. gradual cellular and extracellular 
matrix remodeling in atria and ventricles.11-20 In case of functional changes 
dominating this process, ventricular dysfunction may be reversible. Indeed1 

heart failure developing at the same time as AF may be even more benign than 
heart failure developing after AF, for instance in case of a reversible tachycar
dia-induced cardiomyopathy.21 Furthermore, the higher ejection fractions and 
more frequent presence of heart failure with preserved ejection fraction insin
uate that AF first patients predominantly had diastolic heart failure.7 The onset 
of AF and the consequent loss of atrial transport may be an important trigger 
to functionally decompensate in case of impaired diastolic filling. However1 
though diastolic heart failure is a pathophysiological different entity from sys
tolic heart failure, outcome has been shown to be similar in AF patients. 6 

In heart failure first patients, severe structural remodeling may predomi
nate above functional changes. These patients were the "sickest'� having a 
longer heart failure history. Interestingly, they more often had coronary artery 
disease as associated disease and more often had previous myocardial infarc
tions. Intriguingly, in these heart failure first patients AF occurred late during 
the course of the disease. 

In line with the above, an acute non-cardiac precipitating cause of the heart 
failure hospitalization was (borderline significantly) more often present in AF 
first patients. This could imply that heart failure was1 at least in part, revers-
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Figure 3. Kaplan-Meier estimates of al l
cause mortal ity. 

AF = atrial fibrillation; HF = heart failure. 
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ible after treatment of the precipitating cause. In contrast, the absence of an 
acute precipitating factor could imply that hospitalizations were often a conse
quence of progression of the disease in heart failure first patients. Accordingly, 

the development of AF in patients with a long heart failure history could pre
dominantly be a marker of progression of the underlying disease.1 1•

22
-24 

On the whole, our results demonstrate that two distinct clinical condi
tions can be recognized when the chronological sequence of AF and heart fail
ure development is used to describe AF patients hospitalized for he rt failure. 
These conditions could basically be described as ''.AF patients" who aevelop 
heart failure versus "heart failure patients" who develop AF. ''.AF patients" with 
heart failure seem to have less extensive underlying disease and, consequently, 
a relatively benign outcome, while "heart failure patients" who develop AF 
constitute a patient population with more severe underlying disease and 
increased baseline risk on deleterious outcome. The classification of AF and 
heart failure patients into these two conditions seems to reveal that AF is a 
marker of deleterious outcome particularly in patients with a known history 

Table 3. Predictors of the primary endpoint of cardiovascular hospitalization or all-cause mortality 

Variable Univariate analysis 

AF first 

Log2 total AF history 

First detected AF 

Log
2 

heart failure history 

Previous admission for heart failure 

Age 

Systolic blood pressure 

Diastolic blood pressure 

eGFR 

Log2 NT-proBNP 

Beta-blocker at discharge 

ACE-inhibitor/ ARB at discharge 

Diuretic at discharge 

Class I l l  antiarrhythmic drug at discharge 

Nitrate at discharge 

Hazard ratio 
(95% CI) 

0.46 (0.31-0.70) 

1.06 (1.01-1.11) 

0.56 (0.36-0.87) 

1.04 (1.01-1.08) 

2.01 (1.35-297) 

1.02 (1.00-1.04) 

099 (098-0998) 

099 (097-0.997) 

099 (098-0997) 

1.32 (1.11-1.56) 

0.66 (0.42-1.06) 

0.62 (0.41-093) 

1.88 (1.02-3.46) 

1.67 (1.02-2.73) 

196 (1.17-3.41) 

p-value 

<0.0001 

0.01 

0.01 

0.009 

0.001 

om 
0.02 

0.02 

0.006 

0.001 

0.08 

0.02 

0.04 

0.04 

0.01 

AF = atrial fibrillation; Cl = confidence interval; eGFR = estimated glomerular filtration rate; 
NT-proBNP = N-terminal pro-B-type natriuretic peptide. 
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Multivariate analysis 
Hazard ratio p-value 

(95% CI) 

0.49 (0.29-0.82) 0.007 

199 (1.23-3.23) 0.005 

1.28 (1.07-1.53) 0.006 

0.45 (0.27-0.74) 0.002 



of heart failure. Furthermore, this classification may have therapeutic implica
tions. For example, rhythm control may be more beneficial in AF first patients 
than in heart failure first patients.25 

Previous studies concern ing implications 
of AF  i n  heart failure 

The influence of AF in heart failure patients on prognosis has often been 
investigated with varying results depending on the patient categories stud
ied.2·4·5·22·24•26•27 It is still uncertain whether AF is an independent contributor to 
an impaired outcome in heart failure or whether it is merely a marker of severe 
disease. The sequence in which AF and heart failure develop at least seems 
to reveal two different clinical conditions regarding prognosis. To our knowl
edge, only Wang et al. have studied the influence of the sequence of AF and 
heart failure development on prognosis, which they had investigated in the 
Framingham population. 1 1 They found that preexisting heart failure adversely 
affected survival in patients with AF, i.e. development of new AF in patients 
with heart failure was associated with increased mortality, which is compa
rable with our study. On the other hand, preexisting AF was not associated 
with adverse survival in heart failure patients.1 1  In contrast, in our study AF 
first patients certainly did not have an event-free outcome. These discrepan
cies may be caused by the different patient populations and by the heart failure 
definitions used. In the Framingham study, the definition of heart failure was 
based on signs and symptoms which perhaps could have been attributable to 
AF itself.' ' Our study population consisted of patients in whom heart failure 
had required hospitalization, which implies that our patients already had an 
increased baseline risk on re-hospitalization or mortality.7 

Strengths and limitations 

An important strength of this study consists of the rather innovative classi
fication of AF patients hospitalized for heart failure, which, as we demonstrated, 
sheds light on the prognosis of these patients. Furthermore, the study popula
tion was taken from clinical practice and consecutive patients were included. 
Though this was an observational study, it was not powered on the primary 
endpoint of cardiovascular hospitalization and all-cause mortality. Follow-up 
was quite short, but the primary endpoint occurred in a substantial number of 
patients. Determination of the chronological sequence of AF and heart failure 
development was in part determined retrospectively. Conclusions concerning 
causality should therefore be interpreted with caution. Furthermore, we did 
not include patients in sinus rhythm, implying that our conclusions are only 
relevant for AF patients hospitalized with heart failure. 
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Conclus ion 

In  AF patients hospitalized for heart failure, two distinct clinical condi
tions can be recognized based on the chronological sequence of AF and heart 
failure development: patients who develop AF first have a relatively benign 
prognosis as compared to those who develop heart failure first. 

96 Chapter 6 



Neuberger HR, Mewis C, Van Veldhuisen DJ, Scholten U, Van Gelder IC, Allessie MA, et al. 
Management of atrial fibril lation in patients with heart failure. Eur Heart J 2007;28:2568-77. 

REFERENCES 

Middlekauff HR, Stevenson WG, Stevenson LW. Prognostic significance of atrial fibrillation in 2 

advanced heart failure. A study of 390 patients. Circulation 1991;84:40-8. 

Dries DL, Exner DV, Gersh BJ, Domanski MJ, Waclawiw MA, Stevenson LW. Atrial fibrillation 3 
is associated with an increased risk for mortality and heart failure progression in patients with 
asymptomatic and symptomatic left ventricular systolic dysfunction: A retrospective analysis of 

the SOLVD trials. J Am Coll Cardiol 1998;32:695-703. 

Crijns HJ, l]eerdsma G, De Kam PJ, Boomsma F, Van Gelder IC, Van den Berg MP, et al .  4 

Prognostic value of the presence and development of atrial fibrillation in patients with advanced 

chronic heart failure. Eur Heart J 2000;21:1238-45. 

Van den Berg MP, Van Gelder IC, Van Veldhuisen DJ Impact of atrial fibrillation on mortality 5 
in patients with chronic heart failure. Eur J Heart Fail 2002;4:571-5. 

Olsson LG, Swedberg K, Ducharme A, Granger CB, Michelson EL, McMurray JJ, et al. Atrial 6 
fibrillation and risk of clinical events in chronic heart failure with and without left ventricular 
systolic dysfunction: results from the Candesartan in Heart failure-Assessment of Reduction in 
Mortality and morbidity (CHARM) program. J Am Coll Cardiol 2006;47:1997-2004. 

Dickstein K, Cohen-Sola! A, Filippatos G, McMurray JJ, Ponikowski P, Poole-Wilson PA, et 7 

al. ESC guidelines for the diagnosis and treatment of acute and chronic heart failure 2008: 
the Task Force for the diagnosis and treatment of acute and chronic heart failure 2008 of 
the European Society of Cardiology. Developed in collaboration with the Heart Failure 

Association of the ESC (HFA) and endorsed by the European Society of Intensive Care 
Medicine (ESICM). Eur J Heart Fail 2008;10:933-89. 

Shotan A, Garty M, Blondhein DS, Meisel SR, Lewis BS, Shochat M, et al. Atrial fibrillation and 8 
long-term prognosis in patients hospitalized for heart failure: results from heart failure survey in 

Israel (HFSIS). Eur Heart J 2010;31:309-17. 

Rivero-Ayerza M, Scholle Op Reimer W, Lenzen M, Theuns DA, Jordaens L, Komajda M, et al .  9 

New-onset atrial fibrillation is an independent predictor of in-hospital mortality in hospitalized 
heart failure patients: results of the EuroHeart Failure Survey. Eur Heart J 2008;29:1618-24. 

Nieuwlaat R, Prins MH, Le Heuzey JY, Vardas PE, Aliot E, Santini M, et al. Prognosis, disease 10 

progression, and treatment of atrial fibrillation patients during 1 year: follow-up of the Euro 
Heart Survey on Atrial Fibrillation. Eur Heart J 2008;29:1181-9. 

Wang TJ, Larson MG, Levy D, Vasan RS, Leip EP, Wolf PA, et al. Temporal relations of atrial 11 
fibrillation and congestive heart failure and their joint influence on mortality: the Framingham 

Heart Study. Circulation 2003;107:2920-5. 

Van Gelder IC, Groenveld HF, Crijns HJ, Tuininga YS, l1jssen JG, Alings AM, et al. Lenient ver- 12 
sus Strict Rate Control in Patients with Atrial Fibrillation. N Engl J Med 2010;362:1363-73. 

Camm AJ, Kirchhof P, lip GY, Scholten U, Savelieva I, Ernst S, et al. Guidelines for the man- 13 
agement of atrial fibrillation: the Task Force for the Management of Atrial Fibrillation of the 

European Society of Cardiology (ESC). Europace 2010;12:1360-420. 

Wann LS, Curtis AB, January CT, Ellenbogen KA, Lowe JE, Estes NA,3rd, et al. 2011 ACCF/ 14 

AHA/HRS Focused Update on the Management of Patients With Atrial Fibrillation (Updating 

the 2006 Guideline): A Report of the American College of Cardiology Foundation/American 

Heart Association Task Force on Practice Guidelines. J Am Coll Cardiol 2011;57:223-42. 

Van Gelder IC, Hagens VE, Bosker HA, Kingma JH, Kamp 0, Kingma T, et al. A comparison 15 

of rate control and rhythm control in patients with recurrent persistent atrial fibrillation. N Engl 

J Med 2002;347:1834-40. 

The importance of whether atrial l1bnllalion or heart failure develops first regarding outcome 97 



16 Smith JG, Newton-Cheh C, Almgren P, Struck J, Morgenthaler NG, Bergmann A, et al. 
Assessment of conventional cardiovascular risk factors and multiple biomarkers for the pre

diction of incident heart failure and atrial fibrillation. J Am Coll Cardiol 2010;56:1712-9. 

17 Maisel WH, Stevenson LW. Atrial fibrillation in heart failure: epidemiology, pathophysiology, 
and rationale for therapy. Am J Cardiol 2003;91:2D-8D. 

18 Schoonderwoerd BA, Van Gelder IC ,  Van Veldhuisen DJ, Van den Berg M P, Crijns HJ 

Electrical and structural remodeling: role in the genesis and maintenance of atrial fibrillation. 
Prag Cardiovasc Dis 2005;48:153-68. 

19 Burstein B, Nattel S. Atrial fibrosis: mechanisms and clinical relevance in atrial fibrillation. J Am 

Coll Cardiol 2008;51:802-9. 

20 De Jong AM, Maass AH, Oberdorf-Maass SU, Van Veldhuisen DJ, Van Gilst WH, Van 
Gelder IC. Mechanisms of atrial structural changes caused by stretch occurring before and 

during early atrial fibrillation. Cardiovasc Res 2011;89:754-65. 

21 Khasnis A, Jongnarangsin K, Abela G, Veerareddy S, Reddy V, Thakur R. Tachycardia-induced 
cardiomyopathy: a review of literature. Pacing Clin Electrophysiol 2005;28:710-21. 

22 Ahmed A, Thornton P, Perry GJ, Allman RM, Delong JF. Impact of atrial fibrillation on 

mortality and readmission in older adults hospitalized with heart failure. Eur J Heart Fail 
2004;6:421-6. 

23 Smit MD, Van Dessel PF, Rienstra M, Nieuwland W, Wiesfeld AC, Tan ES, et al. Atrial fibrilla

tion predicts appropriate shocks in primary prevention implantable cardioverter-defibrillator 
patients. Europace 2006;8:566-72. 

24 Rienstra M, Smit MD, Nieuwland W, Tan ES, Wiesfeld AC, Anthonio RL, et al. Persistent 
atrial fibrillation is associated with appropriate shocks and heart failure in patients with left 

ventricular dysfunction treated with an implantable cardioverter defibrillator. Am Heart J 
2007;153:120-6. 

25 Hagens VE, Crijns HJ, Van Veldhuisen DJ, Van den Berg MP, Rienstra M, Ranchor AV, et 
al. Rate control versus rhythm control for patients with persistent atrial fibrillation with mild to 

moderate heart failure: results from the RAte Control versus Electrical cardioversion (RACE) 
study. Am Heart J 2005;149:1106-11. 

26 Wyse DG, Love JC, Yao 0, Carlson MD, Cassidy P, Greene LH, et al. Atrial fibrillation: a 

risk factor for increased mortality--an AVID registry analysis. J lnterv Card Electrophysiol 
2001;5:267-73. 

27 Van Veldhuisen DJ, Aass H, El AD, Dunselman PH, Gullestad L, Halinen M, et al. Presence 
and development of atrial fibrillation in chronic heart failure. Experiences from the MERIT-HF 
Study. Eur J Heart Fail 2006;8:539-46. 

98 Chapter 6 



U P S T R E A M  
O F  

I L L T I O N  

Marcelle D Smit, Isabelle C Van Gelder. 

Exp Rev Cardiovasc Ther 2009;7:763-78 

7 

F B R  

Upstream therapy of atrial l1bnllation 99 



SUM MARY 

Failure of current pharmacological therapy for atrial fibrillation in main
taining sinus rhythm may be due to structural atrial remodeling caused by 
inflammation and fibrosis. Upstream therapy that interferes in the structural 
remodeling process may be effective in maintaining sinus rhythm. This study 
reviews upstream therapy in atrial fibrillation. Various prospective and retro
spective studies demonstrate that upstream therapy consisting of angiotensin 
converting enzyme inhibitors, angiotensin receptor blockers, statins, fish oils, 
glucocorticoids, or moderate physical activit)7i is associated with a reduced 
incidence of new-onset atrial fibrillation (i.e. primary prevention) and with 
a reduced recurrence of atrial fibrillation (i.e. secondary prevention). Larger 
clinical trials are required to further elucidate the position of upstream therapy 
in the primary and secondary prevention of atrial fibrillation. 
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Atrial fibrillation (AF) is the most common cardiac arrhythmia. It is a 
growing epidemic, being responsible for substantial economic costs, morbid
it}'i and mortality. Restoration and long-term maintenance of sinus rhythm, 
i.e. rhythm control, is challenging, 1 even with amiodarone.2 Moreover, no sur
vival benefit over acceptance of AF in combination with rate control has been 
shown.3·5 For patients with symptomatic AF, however, rhythm control remains 
therapy of choice. In addition, though underlying heart disease may be a more 
important determinant of prognosis than rhythm control, 6 results of the rate 
versus rhythm control trials may have been influenced by failure of current 
pharmacological means to maintain sinus rhythm. 

One reason why pharmacological therapy has failed to maintain sinus 
rhythm may be that currently available ion-channel antiarrhythmic drugs 
mainly affect electrical remodeling, and do not influence the substrate for AF 
in terms of structural remodeling. Important substrates for structural remodel
ing are inflammation and fibrosis, which already commence before the onset 
of AF due to underlying disease states such as hypertension, heart failure, or 
coronary artery disease (Figure 1).7·10 

Once AF is present, the remodeling processes in the atria progress fur
ther to constitute a vicious circle. 1 1·12 This causes a gradual worsening of AF 
in time, which makes it challenging to maintain patients in sinus rhythm in 
the long term. Current pharmacological therapy is initiated too late during the 
course of the disease, i.e. after development of AF when structural remodel
ing is already present, which may be another explanation why rhythm control 
often fails. 13 Moreover, many physicians are reluctant to prescribe ion-channel 
antiarrhythmic drugs due to their many, sometimes hazardous, side-effects, 2 

which delays the institution of these drugs even further. 

INTRODUCTION 

Hypertension 
Heart failure remodeling 

Figure 1 .  lime course of atrial substrate 
remodeling (adapted with permission from 
ref.13): hypothetical representation of how 
underlying disease such as hypertension or 
heart failure induces atrial remodeling long 
before the onset of AF and of how atrial 
remodeling progresses in relation to the 
clinical appearance of AF. 

Start atrial 
remodeling 

• 

Years +5 +10 

ECV 

+ 

+15 

permanent 

+20 

AF = atrial fibrillation; ECV = electrical 
cardiovers1on; SR = sinus rhythm. 
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RAAS BLOCKERS 

Therapies that interfere early in  the structural remodeling process, i.e. 
"upstream therapy" or non-channel antiarrhythmic drugs, are upcoming in 
the treatment of AF.14 These therapies may be more effective in maintaining 
sinus rhythm beside having a more favorable side-effect profile. This article 
aims to review the current knowledge concerning upstream therapy of AF, 
including renin-angiotensin-aldosterone system modulators, statins, fish oils, 
glucocorticoids, and lifestyle changes including moderate physical activity. 

One of the mechanisms involved in AF is the renin-angiotensin-aldo
sterone system (RAAS). The activity of RAAS is pronounced in AF, 15 which 
causes increased levels of angiotensin II and/ or aldosterone, which have been 
shown to promote fibrosis and to induce cardiac hypertrophy. 16-18 Blockade of 
RAAS through angiotensin converting enzyme (ACE) inhibitors, angioten
sin receptor blockers (ARBs), and aldosterone receptor antagonists (ARAs) 
may therefore potentially reverse atrial remodeling which consequently may 
reduce the initiation and perpetuation of AF. 

ACE i nh i b itors and ARBs 

There is growing experimental evidence that RAAS blockade with ACE 
inhibitors and ARBs may reduce AF. In a dog model of congestive heart failure 
caused by tachypacing,19 atrial angiotensin II concentrations increased, and 
more atrial fibrous tissue was found which was paralleled by increased het
erogeneity of atrial conduction. Concomitant institution of the ACE inhibitor 
enalapril significantly reduced atrial angiotensin II concentrations and attenu
ated the heart failure induced effects on atrial fibrosis and atrial conduction. 
In another study, rats infused with angiotensin II had higher levels of collagen 
synthesis and increased atrial fibrosis, which was reduced by the simultaneous 
institution of the ARB losartan. 17 These effects may consequently reduce AF : 
in a canine heart failure model induced by rapid ventricular pacing, enalapril 
not only attenuated heart failure induced atrial fibrosis and remodeling, as it 
also decreased AF duration. 20 

The potential role of ACE inhibitors and ARBs in the prevention of AF has 
also been investigated in clinical studies (Table 1). 21 In the primary prevention 
of AF various patient categories have been studied, especially in hypertension 
and in heart failure. In a large retrospective study of hypertensive patients, 
ACE inhibitor use was associated with a reduced incidence of AF as compared 
with calcium blocker use.22 A post-hoc analysis of the Losartan Intervention 
for End Point Reduction in Hypertension (LIFE) study, which consisted of 
hypertensive patients and patients with electrocardiogram-documented left 
ventricular hypertrophy, the authors found that treatment with the ARB losar
tan reduced the incidence of new-onset AF as compared with atenolol (3.5% 
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of losartan- versus 5.3% of atenolol-treated patients, p<0.001), and time to 
onset of AF tended to be longer in patients treated with losartan. These obser
vations were present despite similar blood pressure reduction in losartan- and 
atenolol-treated patients.23 Preventive effects of valsartan therapy on new-onset 
AF in hypertensive patients were seen in a post-hoc analysis of the Valsartan 
Antihypertensive Long-term Use Evaluation (VALUE) study.24 Decreased 
development of AF has also been demonstrated in post-hoc analyses concern
ing patients with heart failure. A retrospective analysis of 3 7 4 patients from the 
Studies of Left Ventricular Dysfunction (SOLVD) trial showed that, 5.4% of 
patients in the enalapril group developed new-onset AF, compared with 24% 
of patients in the placebo group (p<0.0001)  .25 The ARB candesartan was stud
ied in the Candesartan in Heart Failure: Assessment of Reduction in Mortality 
and Morbidity ( CHARM) program concerning patients with symptomatic 
chronic heart failure. A prespecified secondary analysis demonstrated that 
new-onset AF developed in 5.55% of the candesartan group versus 6.74% of 
the placebo group, which was statistically significant, bearing in mind that this 
reduction was small. 26 Valsartan was associated with reduced AF in another ret
rospective analysis of the Valsartan Heart Failure Trial (Val-HeFT) concerning 
heart failure patients.27 In post-myocardial infarction patients, ACE inhibitor 
use has been associated with decreased development of new AF. A post-hoc 
analysis of the TRAndolapril Cardiac Evaluation (TRACE) study of patients 
with reduced left ventricular function secondary to acute myocardial infarc
tion demonstrated that significantly more patients developed new-onset AF in 
the placebo group than in the trandolapril group (5.3% versus 2.8%, p<0.05 ) .28 

In contrast, preventive effects of ramipril on new-onset AF could not be repro
duced in a retrospective analysis of the Heart Outcomes Prevention Evaluation 
(HOPE) trial of patients with high risk of cardiovascular disease.29 

Evidence for the use of RAAS blockers in the secondary prevention of 
AF, on the other hand, has not only been established by post-hoc analyses but 
has been investigated in randomized prospective trials in several subgroups of 
patients with AF. In a randomized clinical trial concerning patients with lone 
paroxysmal AF comparing amiodarone versus amiodarone plus losartan ver
sus amiodarone plus perindopril, the primary endpoint of incidence of AF 
after 14 days and within 24 months after randomization occurred in 19% of 
patients treated with losartan, 24% of patients treated with perindopril, and 
41 % of patients treated with amiodarone only (p=0.02) .30 There was no signif
icant difference in AF recurrence between the losartan and perindopril groups. 
Beside a decrease in recurrent AF, losartan and perindopril use was associated 
with a significant smaller left atrial diameter after 24 months follow-up. ACE 
inhibitors or ARBs on top of amiodarone have also been studied on recurrence 
of AF after electrical cardioversion by Madrid et al.31 Of the 154 patients ana
lyzed, 63% of patients treated with amiodarone and 85% of patients treated 
with amiodarone plus irbesartan were free of recurrent AF (p=0.008) after 
2 months. This lower rate of AF recurrence in the irbesartan group persisted 
during the median follow-up period of254 days. In another study by Ueng et 
al. of patients with persistent AF and mean left ventricular ejection fraction 
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Table 1. Clinical studies of ACE inhibitors and ARBs for primary or secondary prevention of AF  

Study 

Lt\llier et al., 

200422 

LIFE, 

200523 

VALUE24 

SOLVD, 

200325 

.CHARM, 

200626 

Val-HeFT27 

TRACE, 
199928 

HOPE29 

Yin et al. , 

200630 

Madrid et al. , 

200231 

Ueng et al., 

200332 

CTAF, 

200833 

Van Noord 

et al., 200534 

Design 

Retrospective cohort 

study of ACE inhibitor use 

vs. calcium blocker use 

Post-hoc analysis of RCT 

comparing losartan vs. atenolol 

Post-hoc analysis of RCT comparing 

valsartan vs. amlodipine 

Retrospective analysis of RCT 

comparing enalapril vs. placebo 

Prespecified secondary analysis of RCT 

comparing candesartan vs. placebo 

Post-hoc analysis of RCT 

comparing valsartan vs. placebo 

Post-hoc analysis of RCT comparing 

trandolapril vs. placebo 

Post-hoc analysis of RCT comparing 

ramipril vs. placebo and 

vitamin E vs. placebo 

RCT comparing amiodarone vs. 

amiodarone + losartan vs. amiodarone + 

perindopril for prevention of 

A F  recurrence 

RCT comparing amiodarone vs. 

amiodarone + irbesartan started 

3 weeks before scheduled ECV 

RCT comparing amiodarone vs. 

amiodarone + enalapril started 4 
weeks before scheduled ECV 

Retrospective analysis of RAAS 

blocker use in RCT comparing 

amiodarone vs. sotalol or propafe-

none started within 21 days 

before ECV 

Retrospective analysis of ACE 

inhibitor use in pts undergoing ECV 
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Primary/secondary No. of pts 
AF prevention 

Primary prevention 11054 

Primary prevention 8851 

Primary prevention 13760 

Primary prevention 374 

Primary prevention 6378 

Predominantly 5000 
primary prevention 

Primary prevention 1577 

"Primary" prevention 8335 
(sinus rhythm on 

baseline ECG) 

Secondary 177 
prevention 

Secondary 154 
prevention 

Secondary 144 
prevention 

Secondary 403 
prevention 

Secondary 107 
prevention 

Patient characteristics 

Hypertension 

Hypertension or 

ECG-documented 

LV hypertrophy 

Hypertension and at least one 

other cardiovascular risk/ 

disease factor 

LVEF s 35% 

Symptomatic chronic heart failure 

+ reduced or preserved LVEF 

LVEF < 40%; 12% AF on 

baseline ECG 

Reduced LV function secondary 

to acute myocardial infarction 

Evidence of vascular disease or 

diabetes plus at least one ad-

ditional cardiovascular risk factor; 

LVEF ;? 40% 

Lone paroxysmal AF; 

Total history of AF 2.0-2.7 y 

Persistent AF; Total history 

of AF 18-20 mo; 

Mean LVEF 63% 

Persistent AF; Total history 

of AF 37-41 mo; 

Mean LVEF 51% 

Paroxysmal AF: 43-49%; 
Persistent AF: 51-57%; 
LVEF < 50%: 12%; 12% 
RAAS blocker at baseline 

Persistent AF; Total history 

of AF 144 (95-232) days; 

21% LV dysfunction; 26% ACE 

inhibitor at baseline 



Follow-up 

4.2-4.6 y 

4.8±1.0 y 

5 y  

2.9±1.0 y 

Median 37.7 
mo 

23 mo 

2-4 y 

Median 4.5 y 

24 mo 

Median 
254 days 

(range 60-610) 

Median 
270 days 

(range 61-575) 

468±150 
days 

1 mo 

Results 

New-onset AF in 17.9% of ACE inhibitor pis vs. 18.9% of calcium 
blocker pts per 1000 person-years (HR 0.85, 95% Cl 0.74-0.97). 

New-onset AF in 150 (3.5%) losarlan pis vs. 221 (5.3%) atenolol pis (p<0.001). 
l1me to onset of AF longer in losartan pis vs. atenolol pis 
(1809 vs. 1709 days, p=0.057). 

New-onset AF in 252 (3.67%) valsarlan pis vs. 299 (4.34%) amlodipine pis 
(HR 0.843, 95% Cl 0.713-0.997, p=0.0455). 

New-onset AF in 10 (5.4%) enalapril pis vs. 45 (24%) placebo pts (p<0.0001). 
Enalapril most powerful predictor for risk reduction of AF 
(HR 0.22, 95% Cl 0.11-0.44, p<0.0001). 

New-onset AF in 177 (5.55%) candesartan pts vs. 215 (6.74%) placebo pis 
(OR 0.812, 95% Cl 0.662-0.998, p=0.048). 

AF occurrence during follow-up in patients with sinus rhythm at baseline 
in 113 (5.12%) of valsarlan pis vs. 174 (7.95%) of placebo pts (p=0.001) 
(HR 0.63, 95% Cl 0.49-0.81, p=0.0003). 

New-onset AF in 22 (2.8%) trandolapril pis vs. 42 (5.3%) placebo pis (p<0.05). 
Trandolapril independent predictor of reduced risk of developing AF (RR 0.45, 
95% Cl 0.26-0.76, p<0.01). 

AF in 86 (2.0%) pis vs. 91 (2.2%) pis (OR 0.92, 95% Cl 0.68-1.24, p=ns). 

Incidence of AF in 24 (41%) amiodarone vs. 11 (19%) amiodarone + losarlan pis 
vs. 14 (24%) amiodarone + perindopril pis (p=0.02). KM analysis demonstrated sign. 
reduction In AF recurrence in amiodarone + losartan pis (p=0.006) and amiodarone + 
perindopril pis (p=0.04) vs. amiodarone pis. No difference between amiodarone + 

losartan and amiodarone + perindopril pis. 

After 2 months 19 (85%) amiodarone + irbesartan pts vs. 7 (63% amiodarone) 
pis (p=0.008) were free of recurrent AF. l1me to first recurrence of AF during total 
FU longer in amiodarone + irbesartan pis (78%) vs. amiodarone pis (56%, p=0.007). 

After 4 weeks 59 (84.3%) amiodarone + enalapril pis pts vs. 46 (61.3%) amiodarone 
pis still 1n sinus rhythm (p=0.002). After total FU 52 (74.3%) amiodarone + enalapril pis 
vs. 43 (57.3%) amiodarone pis (p=0.021) still in sinus rhythm. 

Recurrent AF in 59 (38.3%) amiodarone pis, 14 (29.8%) amiodarone + RAAS blocker 
pis, 93 (61.6%) sotalol/propafenone pts, 32 (62.8%) sotalol/propafenone + RAAS blocker 
pis: Use of RAAS blockers not associated with reduced risk of recurrent AF. 

EC V successful in 96% of ACE inhibitor pis vs. 80% of no ACE inhibitor pts (p=0.04). 
At 1 month, 49% of ACE inhibitor pis vs 50% of no ACE inhibitor pis still in sinus 
rhythm (p=ns). 
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Conclusion 

ACE inhibition 
reduced AF 

Losarlan 
reduced AF 

Valsartan 
reduced AF 

Enalapril 
reduced AF 

Candesarlan 
reduced AF 

Valsartan 
reduced AF 

Trandolapril 
reduced AF 

No sign. 
AF reduction 

Losartan and 
perindopril 
reduced AF 

lrbesartan 
reduced AF 

Enalapril 
reduced AF 

No sign. 
AF reduction 

No sign. 
AF reduction 



Table 1. Clinical studies of ACE inhibitors and ARBs for primary or secondary prevention of AF (continued) 

Study Design Primary/secondary No. of pts Patient characteristics 
AF prevention 

Tveit et al., RCT comparing candesartan vs. Secondary 171 Persistent AF; Mean 

200735 placebo 3-6 weeks before scheduled prevention fractional shortening 30% 

ECV until 6 months after ECV 

Van den Berg RCT comparing lisinopril vs. placebo Secondary 30 Persistent AF + congestive 

et al., 199536 prevention heart failure 

Belluzzi et al., RCT comparing ramipril vs. placebo Secondary 62 First episode of lone AF 

200937 started after cardioversion with prevention 

propafenone 

GISSI-AF38 RCT comparing valsartan vs. placebo Secondary 1442 Paroxysmal or persistent AF; 

prevention Total history of AF unknown 

ACE = angiotensin converting enzyme; AF = atrial fibrillation; Cl = confidence interval; ECG = electrocardiogram; 
ECV = electrical cardioversion; FU = follow-up; HR = hazard ratio; KM = Kaplan-Meier; LV = left ventricular; 
LVEF = left ventricular ejection fraction; OR = odds ratio; RAAS = renin angiotensin aldosterone system; 
RCT = randomized clinical trial; RR = relative risk. 

of 51 %, patients were randomized to amiodarone or amiodarone plus enala
pril 4 weeks before electrical cardioversion.32 Patients treated with the ACE 
inhibitor enalapril on top of amiodarone had a higher probability of remain
ing in sinus rhythm after 4 weeks (84.3% versus 61.3%, p=0.002) and after 
median follow-up of 270 days (74.3% versus 57.3%, p=0.021) than patients 
treated with amiodarone only. These positive results of RA.AS blockers with 
concurrent use of antiarrhythmic drugs in the secondary prevention of AF has 
not been confirmed in a recent retrospective analysis of the Canadian Trial of 
Atrial Fibrillation ( CTAF), which investigated the superiority of amiodarone 
over sotalol or propafenone in maintaining sinus rhythm in patients with AF.33 

Multivariate analysis revealed that the use of RAAS blockers on top of antiar
rhythmic drugs was not associated with reduced recurrence of AF, keeping in 
mind that only 12% of patients were using RA.AS blockers at baseline. 

Few and predominantly small studies have investigated the effects of ACE 
inhibitors or ARBs without concurrent use of antiarrhythmic drugs in the 
secondary prevention of AF. One retrospective study demonstrated improved 
acute outcome of electrical cardioversion when pretreated with ACE inhibi
tors, but this did not lead to better maintenance of sinus rhythm at one month 
of follow-up.34 Tveit et al. conducted a trial in patients with persistent AF who 
were randomized to the ARB candesartan or placebo for 3-6 weeks before 
electrical cardioversion until 6 months after cardioversion. 35 There was no dif
ference in recurrence of AF between patients treated with candesartan ( 71 % ) 
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Follow-up 

6 mo 

6 wks 

3 y  

1 y  

Results 

Recurrent AF in 48 (71%) candesartan pts vs. 46 (65%) placebo pts (p=ns). 
Median time to recurrent AF 8 days in candesartan pts vs. 9 days in placebo pts (p=ns). 

Maintenance of sinus rhythm 6 weeks after ECV: 71% of lisinopril pts vs. 
36% placebo pts (p=ns). 

Recurrent AF in 3 (10%) ramipril pis vs.10 (32%) placebo pts (p<0.03). 

Recurrent AF in 371 (51.4%) valsartan pts vs. 375 (52.1%) placebo pts 
(HR 097, 96% Cl 0.83-1.14, p=ns). 

and placebo ( 65 % ) , as there was also no difference in time to recurrence 
between both groups. A small randomized clinical trial of patients with heart 
failure demonstrated that the ACE inhibitor lisinopril reduced AF recurrences 
6 weeks after electrical cardioversion (29% versus 64%), though this differ
ence was statistically not significant.36 Recently more promising results con
cerning the role of RAAS blockers without concurrent use of antiarrhythmic 
drugs came from a randomized study by Belluzzi et al.37 A total of 62 patients 
with a first detected episode oflone AF were randomized to the ACE inhibitor 
ramipril or placebo after successful pharmacological cardioversion. AF relapses 
were seen in 3 rarnipril-treated and 10 placebo-treated patients (p<0.03) .  The 
most recent, by far largest trial of RAAS blockade in secondary prevention of 
AF with or without concomitant antiarrhythmic drug therapy, however, failed 
to demonstrate that valsartan can reduce recurrence of AF.38 

The results from these studies suggest that ACE inhibitors and ARBs 
appear to be more effective in the primary prevention of AF, i.e. early during the 
course of the ( underlying) disease when atrial structural remodeling can still be 
reversed and when we can really speak of"upstream" therapy. In the secondary 

prevention of AF the effects of ACE inhibitors and ARBs are most promising on 
top ofion-channel antiarrhythmic drugs. In most secondary prevention studies, 
however, patients had a long history of AF, which means that atrial structural 
remodeling may have deteriorated too much and intervention with upstream 
therapy came too late. Furthermore, many of these studies are limited by small 
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Conclusion 

No sign. 
AF reduction 

No sign. 
AF reduction 

Ramipril 
reduced AF 

No sign. 
AF reduction 



patient numbers, and studies differ in when upstream therapy is started, rang
ing from various weeks before ECV until immediately after cardioversion. It 
would seem logical that upstream therapy requires at least several weeks to 
intervene in the structural remodeling processes. This means that it should be 
started before sinus rhythm is restored. In addition, a meta-analysis concluded 
that ACE inhibitors and ARBs seem to be most effective in patients with LV 
dysfunction or clinical heart failure.21 It should be noted however that there is 
quite some heterogeneity in the definition and documentation of AF recur
rences between all studies, demanding better-defined outcome parameters.39 

Currently, larger randomized studies investigating the role of ACE inhibitors 
and ARBs in the secondary prevention of AF are much awaited. 

ARAs 

ARAs such as spironolactone and eplerenone are other RAAS blockers 
that also have a potential role in the prevention of AF, mainly by attenuating 
electrical and structural remodeling. In experimental data it has been shown 
that aldosterone increases the sensitivity of cardiac tissue to arrhythmias, and, 
consequently, antagonism of aldosterone reduces the incidence of arrhyth
mias. With regard to ventricular arrhythmias, this has been investigated in a 
cardiomyopathic hamster model, where the ARA eplerenone reduced the inci
dence of ventricular arrhythmias concomitantly with a decrease in the extent 
of left ventricular fibrosis as compared with controls.60 With regard to atrial 
arrhythmias, Milliez et al. compared the effects of treatment with spironolac
tone, lisinopril, atenolol alone or in combination on atrial fibrosis and ectopic 
electrical activity in a rat model of congestive heart failure following myocar
dial infarction.61 Only rats treated with spironolactone, alone or in combina
tion with the other drugs, showed decreased fibrosis in the atria and reduced 
P-wave duration. In a canine model of heart failure induced by rapid ventricu
lar pacing, concurrent treatment with eplerenone significantly prolonged atrial 
effective refractory periods and suppressed sustained atrial tachyarrhythmia 
inducibility. 62 These experimental data suggest that ARAs may be beneficial in 
the prevention of AF. 

So far no human studies have been published investigating the role of 
ARAs in the prevention of AF except for one study where a reduction of AF 
was observed in patients with congestive heart failure treated with spirono
lactone. 63 There is some human evidence that ARAs interfere in the structural 
remodeling processes in the atria, which may consequently prevent AF: in 
a study in hypertensive patients with diastolic heart failure, spironolactone 
tended to decrease left atrial area.64 The potential role of ARAs as upstream 
therapy in persistent AF is currently under investigation in the Eplerenone 
in the Prevention of Atrial Fibrillation Recurrences after Cardioversion 
(EPLERAF) study. 
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Beside their lipid-lowering abilities, statins are well-known for their pleio
tropic effects including reduction ofinflammation and oxidative stress, though 
the exact mechanisms underlying these effects are not yet well understood. 8•65•66 

Through these pleiotropic properties, statins may also play an important role 
in the prevention of AF. 

Experimental models have demonstrated various mechanisms by which 
statins may prevent AF, one mechanism involving electrical remodeling. In a 
model of atrial tachypacing in dogs, simvastatin reversed the decrease in atrial 
effective refractory period and also reduced the duration of induced AF. 67 

Furthermore, simvastatin attenuated tachypacing induced downregulation of 
L-type calcium channel alpha-subunit expression. Comparable effects were 
also seen in a study of sterile pericarditis created in dogs: atorvastatin length
ened atrial effective refractory period and shortened intra-atrial conduction 
time and duration of AF. In addition, it showed anti-inflammatory effects by 
lowering C-reactive protein levels.68 Statins have also been demonstrated to 
decrease atrial structural remodeling in a rat study where atrial fibrosis caused 
by infusion with angiotensin II was attenuated by simvastatin. 17 

In patients, statins have been associated with a decreased incidence or 
recurrence of AF (Table 2), independent of the reduction in serum choles
terol levels, and these effects have not been observed with other lipid lowering 
drugs.65•69 Many clinical studies have focused on postoperative AF, as cardiac 
surgery is associated with an increased inflammatory status which may be one 
of the causes of the development of AF postoperatively. Three prospective 
observational studies in patients undergoing thoracic surgery demonstrated 
that statin use was associated with a decrease in the incidence of postopera
tive AF.40-42 In a randomized placebo-controlled clinical trial by Patti et al. of 
patients undergoing elective cardiac surgery, 40 mg atorvastatin daily started 
7 days before surgery significantly reduced the incidence of AF as compared 
with placebo (35% versus 57%, p=0.003) .43 Another randomized trial also 
found that in patients undergoing coronary artery bypass graft (CABG) sur
gery, patients treated with atorvastatin 20 mg daily had significantly less AF 
( 13%) than the control group (27%, p=0.04) postoperatively.44 A large meta
analysis also demonstrated a significant reduction of postoperative AF by 
statin use.70 The positive results of these studies were not replicated in a retro
spective analysis of 4044 patients undergoing cardiac surgery, where preopera
tive statin use was not associated with a decreased incidence of postoperative 
AF.45 In this studYi however, postoperative AF was only assessed by continuous 
telemetry monitoring during the hospitalization for cardiac surgery. 

Another large patient population that has been studied with regard to 
statin use consists of patients with coronary artery disease. Results concerning 
the preventive efficacy of statins in AF have been varying, and no well-con
ducted randomized clinical trial has been published yet of this patient cate
gory. One of the first studies was an observational study by Young-Xu et al. of 
patients with chronic stable coronary artery disease.46 During follow-up 12% 

STATINS 
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of patients developed AF, and statin use was associated with a significantly 
reduced risk of developing AF. Recently a post-hoc analysis of the Heart and 
Estrogen-Progestin Replacement Study (HERS) of post-menopausal women 
with coronary artery disease demonstrated that baseline statin use was associ
ated with a lower odds of having AF at baseline but also with a lower odds of 
developing new-onset AF during follow-up.47 In a large observational study 
of 13783 patients with coronary artery disease, however, there was no differ
ence in the incidence of AF during follow-up between patients treated with or 
without statins.48 Interestingly, the authors did find that in a subgroup consist
ing of patients with congestive heart failure, statin treatment was associated 
with a reduction of AF. Indeed, in a post-hoc analysis of the National Registry 
to Advance Heart Health (ADVANCENT) of patients with left ventricular 
ejection fraction � 40%, these patients with left ventricular dysfunction had 
a significantly reduced prevalence of AF if they used lipid-lowering drugs.50 

This effect on the reduction of AF was larger than that of ACE inhibitors or 
ARBs (Table 2). Intriguingly, the intensity of statin use may not be that impor
tant for the prevention of AF, as demonstrated by a post-hoc analysis of the 
Pravastatin or Atorvastatin Evaluation and Infection Therapy - Thrombolysis 
in Myocardial Infarction 22 (PROVE IT-TIMI 22) and Aggrastat to Zocor (A 
to Z) trials. Higher-intensity statin therapy was compared with lower-intensity 
statin therapy, and no differences in the incidence of AF after acute coronary 
syndromes were found between the two intensity groups (Table 2 ).49 

In the secondary prevention of AF, a number of studies have investigated 
the role of statins in the prevention of AF recurrences after electrical cardio
version. Siu et al. conducted a retrospective study in patients with lone per
sistent AF and found that AF recurrences occurred in 40% of patients using 
statins versus 84% of patients not using statins (p=0.007).51 In a small, not 
placebo controlled, randomized trial of patients who received IO mg ator
vastatin daily or no atorvastatin from 48 hours before electrical cardioversion 
to 3 months post cardioversion, recurrence of AF at 3 months was signifi
cantly lower in the group receiving atorvastatin ( 12.5%) than in the control 

group ( 45.8%, p=0.02).52 In a post-hoc analysis of two Canadian Registries 
of Atrial Fibrillation ( CARAF) by Humphries et al. only a trend was seen that 
patients on statins had less AF recurrences 1 year after electrical cardioversion 
than patients not on statins.53 In multivariate analysis statin use was associ
ated with significantly reduced AF recurrences only in patients who were also 
using beta-blockers. Possible preventive effects of statins on AF recurrences 
after electrical cardioversion, however, were not confirmed in a randomized 
open trial of patients who received 40 mg pravastatin daily or no pravastatin 
between 3 weeks before until 6 weeks after cardioversion (recurrence rate of 
AF 35% versus 33%, respectively, p=ns).54 Again in a more recent randomized 
placebo-controlled trial, 80 mg atorvastatin daily did not increase the number 
of patients in sinus rhythm at 30 days after cardioversion as compared with 
placebo (5 1 % versus 42%, respectively, p=ns).55 In the secondary prevention 
of paroxysmal AF the preventive efficacy of statins was confirmed in a random
ized study: patients who received atorvastatin had a significant reduction in 
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paroxysmal AF during follow-up. 56 Furthermore, the authors concluded that 
paroxysmal AF was completely resolved in more patients in the atorvastatin 
group ( 65 % ) than in the placebo group ( 10%), as assessed by ambulatory 48-
hour monitoring at the end of the study. 

With the improving technologies in pacemakers and implantable-cardio
verter defibrillators enabling continuous registration of atrial high rate epi
sodes, it has become easier and more reliable to detect AF episodes. These 
patient categories have also been studied with regard to statin use. In an obser
vational cohort study by Gillis et al. patients with known paroxysmal AF were 
followed after dual-chamber pacemaker implantation to detect recurrence of 
atrial tachycardia (AT) or AF.57 After 1 year, patients on statin therapy more 
often had no recurrence of AT/ AF than patients without statin therapy (37% 
versus 14%, p=0.0009). Moreover, the authors found that statin use was asso
ciated with a significantly lower AT/ AF burden. Less clear but overall positive 
results were seen in a small open-label randomized study of patients with an 
atrial-based or dual-chamber pacemaker receiving 20 mg atorvastatin daily or 
no atorvastatin.58 Atrial high rate episodes detected by the device were chosen 
as surrogate for AF. This study demonstrated that there was no difference in 
atrial high rate episodes lasting more than 1 minute between the statin and 
no statin groups. Indeed with regard to atrial high rate episodes lasting more 
than 10 minutes, which may be more clinically relevant,71•72 there was a sig
nificant difference between both groups. The authors provided no informa
tion regarding the history of AF in these patients. Another observational study 
investigated the role of statins in the primary and secondary prevention of 
AF in 1445 patients with an implantable cardioverter-defibrillator.59 During 
follow-up, statin use was associated with a significantly decreased risk on the 
development of AF in combination with (inappropriate) shocks, and also on 
the development of AF that was not accompanied by shocks. 

Indeed, most of the studies investigating statins show beneficial effects 
regarding primary and secondary prevention of AF. The positive results in 
patients undergoing surgery suggest that anti-inflammatory effects of statins 
may play a role. However, just like the studies concerning ACE inhibitors and 
ARBs, the statin studies have a number of limitations including small patient 
numbers, differences in length of history of AF, differences in underlying 
diseases, differences in when statin therapy is started, significant differences in 
dosages and that many of these studies are retrospective or post-hoc analyses. 
Larger, randomized clinical trials are needed to further elucidate the effective
ness of statins in the prevention of AF. 
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Table 2. Clinical studies of statlns for primary or secondary prevention of AF 

Study Design 

Postoperative AF 

Amar et al., Prospective observational analysis of 
200540 statin use in pis undergoing surgery 

Marin et al., Prospective observational analysis 
200641 of statin use in pts undergoing surgery 

Ozaydin Retrospective observational analysis 
et al., 200742 of statin use in pts undergoing surgery 

ARMYDA-3, RCT comparing atorvastatin vs. 
200643 placebo started 7 days before surgery 

Song et al., RCT comparing atorvastatin vs. no 
200844 atorvastatin started 3 days before surgery 

Virani et al. Retrospective analysis of statin 
200845 use in pts undergoing surgery 

Coronary artery disease 

Young-Xu et al., 
200346 

HERS, 
200947 

Adabag et al., 
200748 

PROVE IT-

T IMI  22/A to Z, 
200849 

LV dysfunction 

ADVANCENT, 
200650 

Observational analysis of statin 
use in pts with coronary artery disease 

Post-hoc analysis of RCT comparing 

estrogens vs. placebo 1n postmenopausal 
women with known coronary artery disease 

Observational analysis of statin use in pts 
with coronary artery disease 

Post-hoc analysis of 2 RCTs comparing 

high-intensity statin therapy vs. low-intensity 
statin therapy 

Post-hoc analysis of cross-sectional 
registry of pts with LVEF < 40% 
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Primary/secondary 
AF prevention 

Predominantly 
primary prevention 

Predominantly 

primary prevention 

Primary prevention 

Primary prevention 

Primary prevention 

Primary prevention 

Primary prevention 

Primary and 
secondary 
prevention 

Primary prevention 

7 

Primary and 
secondary 

prevention 

No. of pts Patient characteristics 

131 Age � 60 years undergoing 

major lung or esophageal 
resection; In SR prior to sur-
gery; 24% statins at baseline 

234 Undergoing CABG; No 

history of persistent/per-

manent AF; 4% paroxysmal 
AF; 62% statins at baseline 

362 Undergoing first elective 
CABG; 74% statins at baseline 

200 Undergoing elective cardiac 
surgery with cardiopulmonary 
bypass; No prior statin use 

124 Undergoing elective off-pump 
CABG; No prior statin use 

4044 Undergoing cardiac surgery 
( CABG/valve/both); 
52% statins at baseline 

449 Chronic stable coronary 
artery disease; Mean 
LVEF 59-60% 

2673 Postmenopausal women 
< 80 yrs old with known 

coronary artery disease; 
37% statins at baseline; 
29 pis with history of AF 

13783 Coronary artery disease; 
39% statins at baseline 

8659 Stable after acute coronary 
syndrome; No data 
regarding history of AF 

25268 Mean LVEF 31%; 28% history 
of AF; 72% coronary artery 

disease; 67% lipid-lowering 

drugs at baseline 



Follow-up 

Median 3 
days 

1 mo 

1 wk 

30 days 

1 mo 

Duration of 
post-surgery 

hospitalization 

5 y  
(range 1-9 y) 

4.1 y 

4.8 y 

2 y  

N/A 

Results 

Stalin use independently associated with decreased risk of postoperative AF (OR 0.26, 
95% Cl 0.08-0.82, p=0.022). No difference in C-reactive protein and lnterleukin-6 
levels between pts with and without AF. 

Stalin use independently associated with decreased risk of postoperative AF 
(OR 0.52, 95% Cl 0.28-0.96, p=0.038). Higher T IMP-1/MMP-1 ratio at 24 h after 
surgery present in those pts who did not develop AF. 

Postoperative AF in 22 (8.2%) statin pts vs. 16 (16.8%) no statin pts (p=0.03) Duration 
of postoperative AF shorter in pts on statins (180±60 min vs. 338±153 min, p=0.0001). 

Postoperative AF in 35 (35%) atorvastatin pts vs. 56 (57%) placebo pts (p=0.003). 

Atorvastatin use independently associated with reduced risk of AF (OR 0.39, 95% 
Cl 0.18-0.85, p=0.017). 

Postoperative AF in 8 (13%) atorvastatin pts vs. 17 (27%) no atorvastatin pts (p=0.04). 

Atorvastatin independently associated with reduced risk of postoperative AF 

(OR 0.34, 95% Cl 0.12-0.93, p=0.04). 

Preoperative statin use not associated with decreased incidence of postoperative AF 

(OR 1.13, 95% Cl  0.98-1.31, p=0.08). 

New-onset AF in 24 (9%) of statin pts vs. 28 (15%) of no statin pts (crude OR 0.48, 

95% Cl 0.28-0.83). 

Stalin use in 19 (22%) of pts with baseline AF vs. 957 (37%) of pts without AF at baseline. 
(p=0.003). Stalin use independently associated with lower odds of having AF at baseline 
(OR 0.35, 95% Cl 0.13-0.93, p=0.04). Stalin use independently associated with 
lower odds of developing new-onset AF during FU (HR 0.45, 95% Cl 0.26-0.78, 
p=0.004). 

Stalin use not associated with AF (HR 1.00, 95% Cl 0.88-1.14, p=0.99). In pts with 
congestive heart fai lure, statin independently associated with reduced incidence of AF 
(HR 0.57, 95% Cl 0.33-1.00, p=0.04). 

Onset of AF in 2.9% of high-intensity statin pts vs. 3.3% of low-intensity statin pts 

(p=ns, PROVE IT-T IMI  22) and in 1.6% of high-intensity statin pts vs. 0.99% of 
low-intensity statin pts (p=ns, A to Z). 

AF prevalence 25.1% in pts taking lipid-lowering drugs vs. 32.6% in untreated hyper
lipidemic pts and 32.8% in pts without hyperlipidemia and not taking lipid-lowering drugs 

(p<0.001). lipid-lowering drugs independently associated with reduced odds of AF 
(OR 0.69, 95% Cl 0.64-0.74); larger than effects of RAAS blockers (OR 0.85, 95% 

Cl 0.79-0.92) or beta-blockers (OR 0.95, 95% Cl  0.88-1.02). Effects of l ipid-lowering 
drugs independent of their effects on lipid profile. 
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Conclusion 

Stalins 
reduced AF 

Stalins 
reduced AF 

Stalins 

reduced AF 

Atorvastatin 
reduced AF 

Atorvastatin 
reduced AF 

No sign. 
AF reduction 

Stalins 
reduced AF 

Stalins 

reduced AF 

No sign. AF 
reduction except 

in heart failure 

No sign. difference 

in high- vs. low
intensity statin use 

lipid-lowering 
drugs reduced AF 



Table 2. Clinical studies of statins for primary or secondary prevention of AF (continued) 

Study Design 

Post cardioversion 

Siu et al., 
200351 

Ozaydin et al., 

200652 

CARAF, 
200753 

Tveit et al., 
200454 

Almroth et al., 
200955 

Paroxysmal AF 

Dernellis et al., 
200556 

Pacemaker/I CD 

Gillis et al., 
200857 

Tsai et al., 
200858 

Bhavnani et al., 

200859 

Retrospective analysis of statin 

use in pts undergoing ECV 

RCT comparing atorvastatin vs. 

no atorvastatin from 48 h before 

ECV until 3 months after ECV 

Post-hoc analysis of 2 registries of 
pts with new-onset AF 

RCT comparing pravastatin vs. no 
pravastatin from 3 weeks before 

until 6 weeks after ECV 

RCT comparing atorvastatin vs. 

placebo from 2 weeks before 
until 30 days after ECV 

RCT comparing atorvastatin 
vs. placebo 

Observational prospective cohort study 
investigating statin use in pts with parox
ysmal AF and dual-chamber pacemaker 

RCT comparing atorvastatin vs. 
no atorvastatin 

Observational analysis of statin 
use in pts receiving an ICD 

Primary/secondary 
AF prevention 

Secondary 

prevention 

Secondary 

prevention 

Secondary 
prevention 

Secondary 
prevention 

Secondary 
prevention 

Secondary 

prevention 

Secondary 
prevention 

7 

Primary and 
secondary 
prevention 

No. of pts 

62 

48 

625 

114 

234 

80 

185 

103 

1445 

Patient characteristics 

Lone persistent AF > 3 months; 
Total history of AF 21-28 mo; 
16% statins at baseline; 
LVEF 65-68% 

Persistent AF > 48 h; Total 

history of AF 616-710 days; 

LVEF 62-63% 

New-onset AF and successful 
pharmacological/ electrical 

cardioversion; 12.3% statins 
at baseline; LV dysfunction 
in 22-29% of pts 

AF > 48 h; Current AF 
episode median 8 weeks 

(range 0.6-156) 

Persistent AF > 7 days; 
Duration of last AF episode 

3.7-39 mo; Total history of AF 
not provided; 90% of pts 
LVEF > 45% 

Paroxysmal AF; 15-20% 

previous cardioversion 

Paroxysmal AF ; Dual-chamber 
pacemaker implanted; 31% 
statins at baseline; Median 

LVEF 66% 

Dual- or single-chamber 
pacemaker for sick sinus 
syndrome or AV conduction 
block; No data regarding 
history of AF ; Mean LVEF 

60-63% 

P ts with ICD; Prior AF 29%; 

52% statins at baseline; 
Mean LVEF 29% 

AF = atrial fibrillation; AF L = atrial flutter; AT = atrial tachycardia; CABG = coronary artery bypass grafting; Cl = confidence interval; 
ECG = electrocardiogram; ECV = electrical cardioversion; FU = follow-up; HR = hazard ratio; ICD = implantable cardioverter-defibrillator; 

LV = left ventricular; LVEF = left ventricular ejection fraction; MMP-1 = matrix metalloproteinase-1; OR = odds ratio; RR = relative risk; 
TIMP-1 = tissue inhibitor matrix metalloproteinase-1. 
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Follow-up 

44±1 mo 

3 mo 

1 y  

6 wks 

30 days 

6 mo 

1 y  

1 y  

874±805 
days 

Results 

Statin pts less recurrent AF than controls (40% vs. 84%, p=0.007). Stalin use independently 
associated with decreased risk of AF recurrence (RR 0.31, 95% Cl 0.103-0905, p=0.032). 

AF recurrence in 3 (12.5%) statin pts vs. 11 (45.8%) control pts (p=0.02). Atorvastatin 
independently associated with reduced risk of AF recurrence (RR 0.19, 95% 
Cl 0.052-0.72, p=0.01). 

AF recurrence in 23.4% statin pts vs. 33.8% no statin pts (p=0.07). Stalin use only 
independently associated with decreased risk of AF recurrence in pts on beta-blockers 
(OR 0.26, 95% Cl 0.10-0.66, p<0.01). 

AF recurrence in 18 (35%) pravastatin pts vs. 17 (33%) control pts (p=ns). 

Sinus rhythm on ECG at 30 days in 57 (51%) atorvastatin pts vs. 47 (42%) placebo 
pts (p=ns). 

Number of paroxysmal AF episodes/48 h O (range 0-9) in atorvastatin pts vs. 12 
(range 0-23) in placebo pts (p=0.001). Duration of AF episodes/48 h 222 (range 0-910) 
min in atorvastatin pts vs O (range 0-167) min in placebo pts (p=0.001). Paroxysmal AF 

completely resolved in 26 (65%) of atorvastatin pts vs. 4 (10%) of placebo pts. 

No AT/AF recurrence in 21 (37%) statin pts vs. 18 (14%) no statin pts (p=0.0009). Stalin 
use only sign. predictor of AT/AF recurrence (OR 0.33, 95% Cl 0.14-0.74, p=0.007). 
Median AT/AF burden 0.10 h/day in statin pts vs. 0.39 h/day in no statin pts (p=0.0059). 

Atrial high rate episodes :::: 10 min in 3 (6%) of atorvastatin pts vs. 10 (19%) control pts 
(p=0.041). Atrial high rate episodes � 1 min in 28 (55%) atorvastatin vs. 31 (60%) 
control pts (p=ns). 

Stalin use independently associated with decreased risk of AF/AFL development 
accompanied with shocks (HR 0.472, 95% Cl 0.349-0.638, p<0.001). 
Stalin use independently associated with decreased risk of AF/AFL development without 
shocks (HR 0.613, 95% Cl 0.496-0.758, p<0.001). 
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Conclusion 

Stalins 
reduced AF 

Atorvastatin 
reduced AF 

Stalins only 
reduced AF in 
combination with 
beta-blockers 

No sign. 
AF reduction 

No s1gn. 
AF reduction 

Atorvastatin 
reduced AF 

Stalins 
reduced AT/AF 

Atorvastatin 
reduced atrial 
high rate 
episodes 

Stalins 
reduced AF 



F ISH OI LS 

Fish consumption has been associated with reduced cardiovascular death 
which has mainly been attributed to the active element in fish oils, namely 
omega-3 polyunsaturated fatty acids (PUFAs).73 PUFAs have also been inves
tigated in the prevention of AF.74 Experimental studies have investigated dif
ferent mechanisms through which PUFAs may prevent AF. One mechanism 
may be through reduction of electrical remodeling. In a recent study by Li et al. 
using a whole-cell patch voltage clamp technique with human atrial myocytes 
obtained from patients undergoing CABG, the authors found that PUFAs 
inhibit atrial transient outward and ultra-rapid delayed rectifier potassium 
currents and the voltage-gated sodium current in a concentration-dependent 
manner.75 Another study, however, did not find that PUFAs affected atrial elec
trical remodeling caused by atrial tachypacing, as measured by atrial effective 
refractory period.76 Another mechanism involves inflammation. In a rat study 
of pressure overload-induced cardiac dysfunction, dietary supplementation of 
PUFAs derived from fish caused a dose-dependent increase in the anti-inflam
matory adipokine adiponectin and a decrease in urinary thromboxane B2 
and serum tumor necrosis factor alpha, beside preventing an increase in left 
ventricular end-diastolic and end-systolic volumes.77 Furthermore, in a canine 
pacing model, supplementation with PUFAs led to a smaller increase in atrial 
matrix metalloproteinase-9 activity and in collagen type I and III messenger 
RNA expression, denoting attenuation of structural remodeling. In addi
tion, reduced AF inducibility and persistence were observed.78 Comparable 
results were seen in a study by Sarrazin et al. where oral treatment with fish 
oils reduced vulnerability to induction of AF in a dog model of vagally induced 
AF.79 In this study markers of structural remodeling were also lower in fish oil 
treated dogs. 

The results of these experimental studies seem promising but conflicting 
results have come from clinical studies. One clinical trial of 160 patients ran
domized to PUFA supplementation or control at least 5 days before elective 
CABG surgery until the day of hospital discharge demonstrated that PUFAs 
significantly reduced incidence of postoperative AF (33.3% in the control 
group and 15.2% in the PUFAgroup, p=0.013 ).80 Other, observational popula
tion-based studies of predominantly healthy subjects have focused on fish con
sumption instead of PUPA supplementation. One large study of 4815 subjects 
with mean age 73 years investigated the relationship between fish intake and 
incidence of AF during 12 years of follow-up.81 Higher consumption of tuna 
or other broiled or baked fish was associated with a reduction of incidence of 
AF, as assessed by annual electrocardiograms and hospital discharge records. 
This was not confirmed in a larger observational study of 5 184 subjects aged 
67.4±7.7 years, where fish intake was not associated with the risk of AF during 
a mean follow-up of 6.4 years, as determined using electrocardiograms con
ducted during two follow-up visits, hospital discharge diagnoses, and records 
from general practitioners. 82 The largest observational study of 4 7949 subjects 
with mean age 56 years and follow-up of 5.7 years also did not find an asso-
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ciation between fish consumption and reduction of risk of AF as assessed by 
hospital discharge diagnoses only.83 When evaluating these population-based 
studies, one should not forget that increasing age is one of the most important 
predictors of AF development and may therefore influence results. Another 
large limitation of these studies is that fish consumption in general was investi
gated, whereas there were no precise data of actual PUPA intake. Clearly, more 
evidence is needed before PUFAs or fish can be recommended as evidence 
based therapy for the prevention of AF. 

The inflammatory status associated with AF makes it plausible to assume 
that inflammatory agents such as glucocorticoids may suppress AF. In an 
experiment where dogs were subjected to atrial tachypacing in combination 
with prednisone, ibuprofen, cyclosporine or no treatment, only prednisone 
suppressed electrical remodeling (i.e. effective refractory period shortening 
and AF promotion) , decreased C-reactive protein concentrations, and attenu
ated the increase in endothelial nitric oxide synthase expression. 84 

In humans, most studies investigating glucocorticoids have focused on 
postoperative AF, and these have not been unequivocal. In an older random
ized double-blind placebo-controlled study by Chaney et al. examining the 
pulmonary effects of methylprednisolone in patients undergoing CABG, 
there was no difference in the occurrence of postoperative AF, a secondary 

endpoint.85 A post-hoc analysis of a study that investigated the effects of dexa
methasone on postoperative shivering, demonstrated that patients treated 
with dexamethasone had less new-onset AF during the first 3 days post-oper
atively than patients treated with placebo (18.9% versus 32.3%, p=0.027).86 

The same author conducted a randomized double-blind placebo-controlled 
trial a few years later to test the effects of dexamethasone on AF after cardiac 
surgery in 78 patients, but the positive results found earlier could not be repli
cated. 87 After cardiac surgery, 41 % of patients in the placebo group and 30% of 
patients in the dexamethasone group developed AF, which was not signifi
cantly different (p=0.31). Another double-blind randomized trial with more 
patients (n=24 l) , however, did find that the incidence of postoperative AF was 
significantly lower in patients receiving hydrocortisone ( 30%) than in patients 
receiving placebo ( 48%, p=0.004 ).88 

Only one double-blind randomized trial focused on the interaction 
between methylprednisolone and C-reactive protein in recurrent AF after car
dioversion.89 In this study 104 patients were randomized to methylpredniso
lone and placebo and underwent a rhythm control strategy involving electrical 
cardioversion after which they received propafenone. During follow-up recur
rent AF occurred less frequently in patients treated with methylprednisolone 
(9.6%) as compared with patients treated with placebo (50%). Furthermore, 
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OTHER U PSTREAM 

THERAPY 

CONCLUSION 

methylprednisolone significantly lowered C-reactive protein levels, where C
reactive protein was a significant predictor of recurrent AF. All in all, there is 
too little evidence that glucocorticoids are effective in the prevention of AF 
and, considering the side-effect profile, they are not a realistic option in the 
treatment of such a relatively benign arrhythmia as AF. 

Other potential upstream therapies that target different underlying 
mechanisms of AF have been investigated in a small number of studies. One 
of these agents is Vitamin C, a potent anti-oxidant, which has been associated 
with reduced incidence of post-operative AF and fewer early AF recurrences 
after electrical cardioversion.90·92 Still in an experimental phase are agents such 
as pirfenidone and pioglitazone, which may prevent AF through anti-fibrotic, 
anti-inflammatory and anti-oxidant properties.93•94 

An entirely different kind of upstream therapy may potentially consist of 
moderate exercise. Interesting results came from the Cardiovascular Health 
Study, a registry of 5446 men and women � 65 years of age enrolled between 
1989 and 1990 with a follow-up of 10 years.95 In these subjects leisure-time 
activity was assessed at baseline and at the third and seventh annual visit and 
electrocardiogram was registered annually. During follow-up, 1061 subjects 
developed new AF. Leisure-time activity, i.e. exercise, was associated with 
lower incidence of AF, but this depended on the intensity of exercise: AF 
incidence was lowest in moderate-intensity exercise (i.e. leisure-time activ
ity and walking), whereas high-intensity exercise did not decrease risk of 
AF. In another study heavy physical activity was associated with increased 
risk of AF.96 High-intensity exercise seems to be a risk factor of AF, perhaps 
through chronic atrial and ventricular volume and pressure overload due to 
increased RAAS activation, but perhaps increased inflammatory status may 
also play a role. However, moderate exercise may prevent AF. It may be benefi
cial through physiological mechanisms ( e.g. inducing and maintaining weight 
loss, lowering blood pressure, and reducing RAAS activation), psychological 
mechanisms (i.e. improving mental well-being), and by decreasing inflamma
tion, in contrast to heavy exercise. 

Upstream therapy for AF has increasingly been coming to attention, and 
the numbers of studies demonstrating that ACE inhibitors, ARBs, ARAs, 
statins, fish oils, glucocorticoids, and/ or moderate physical activity are able to 
prevent the development or recurrence of AF are growing. Upstream therapy 
seems to reduce AF, probably in part by improving the underlying cardiovas
cular disease but possibly also by attenuating structural remodeling processes 
caused by inflammation, fibrosis, and other not yet identified mechanisms. 
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Larger randomized clinical trials in well-defined patient groups with well
defined and well-documented outcome parameters are much anticipated for97 

to further elucidate the potential beneficial effects of upstream therapy and to 
find out in which patients upstream therapy should be indicated. 

Current pharmacological rhythm control therapy in AF insufficiently 
maintains sinus rhythm in most patients because it does not affect the under
lying substrate, i.e. structural remodeling. Upstream therapy, which interferes 
in this remodeling process, seems to be promising and may be more effective 
in preventing AF recurrences. One condition for upstream therapy to be suc
cessful is that it is started early during the course of the disease, when struc
tural remodeling can still be attenuated or reversed, at least long before sinus 
rhythm is restored, but preferably even at first presentation of AF. In the future, 
upstream therapy may become a new approach to rhythm control that may 
support or even in part replace conventional rhythm control, while having a 
more favorable side-effect profile. Additionally, it possibly may facilitate suc
cess of ablation for AF. In all probability, one type of upstream therapy will 
not suffice, and this new rhythm control approach will include a combination 
of upstream therapies ( e.g. RAAS blockers, statins, and lifestyle changes such 
as moderate exercise) beside conventional rhythm control therapies. In five 
years upstream therapy will probably be part of the standard treatment of AF. 
Ultimately, upstream therapy may be used for the primary prevention of AF 
in selected patients at high risk of developing AF, e.g. patients with hyperten
sion, but results of future studies concerning primary prevention by upstream 
therapy are to be awaited. 

Structural atrial remodeling caused by inflammation and fibrosis is one 
of the underlying substrates of AF. 
Upstream therapy that interferes in the structural remodeling process 
may be more effective in maintaining sinus rhythm. 
Various prospective and retrospective studies demonstrate that upstream 
therapy consisting of ACE inhibitors, ARBs, statins, fish oils, glucocorti 
coids, or moderate physical activity, is associated with a reduced incidence 
of new-onset AF (i.e. primary prevention) and with a reduced recurrence 
of AF (i.e. secondary prevention) . 
Larger randomized clinical trials in well-defined patient groups and with 
well-defined outcome parameters are required to further elucidate the 
position of upstream therapy in the primary and secondary prevention 
of AF. 
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Disertori et al. (April 16 issue) 1 describe the effects of valsartan on the 
recurrence of atrial fibrillation. The disappointing results of the trial may be 
explained by two important limitations. First, no data were provided con
cerning how long patients were known to have had either atrial fibrillation or 
underlying heart disease. We would expect that the extent of remodeling would 
become more severe and even irreversible in patients with a longer history of 
atrial fibrillation or underlying heart disease. In patients with a shorter his
tory, however, remodeling processes are less advanced, providing more oppor
tunities for blockade of the renin-angiotensin-aldosterone system (RAAS) 
to be effective.2 Second, RAAS blockade was probably started too late in the 
trial - namely, when sinus rhythm was already obtained. Upstream therapy 
requires more time to influence remodeling processes, and it would have been 
better if valsartan had been started several weeks before instead of at least 2 
days after obtaining sinus rhythm.3 Thus, the question still remains whether 
RAAS blockade is effective in maintaining sinus rhythm if it is started as soon 
as possible after presentation with atrial fibrillation. 

Marcelle D Smit, Isabelle C Van Gelder 

The GISSI-AF Investigators. Valsartan for prevention of recurrent atrial fibrillation. N Engl 

J Med 2009;360:1606-17. 
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Smit and Van Gelder raise the question of the timing of the administra
tion of valsartan in the evaluation of its effects. We reported the results of two 
additional analyses involving patients who were in sinus rhythm at 15 days (as 
prespecified in the protocol) 1 and at 8 weeks (a post hoc analysis) after ran
domization. No trend in favor of valsartan was apparent. In the 8-week analy
sis, atrial fibrillation recurred at 1 year in 42.7% of patients in the valsartan 
group, as compared with 44.0% of those in the placebo group (hazard ratio, 
0.96; 96% confidence interval, 0.80 to 1. 14; P = 0.62). 

With respect to the duration of the history of atrial fibrillation, we do not 
have this information for the patients in our study. However, we performed a 
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As Tomoda correctly points out, the efficacy of RAAS blockade in the 
primary prevention of atrial fibrillation is still an open issue, with current evi
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tors in a variety of cardiovascular conditions. 
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Atrial fibrillation (AF) is not a benign disease. It is associated with an 
increased risk of death, stroke, heart failure and hospitalization, an impaired 
quality of life, and reduced exercise capacity and left ventricular dysfunc
tion. Development of AF is a result of continuous remodeling of the atria, 
altered metabolism and autonomic changes secondary to ageing, progres
sion of the underlying heart disease, and genetic and environmental factors. 
Hypertension, congestive heart failure, ischemic heart disease, and diabetes 
are all well-known risk factors for the development of AF. 1 The first manifes
tation of AF usually occurs after years of atrial and ventricular remodeling, 
caused by hypertension or heart failure (Figure 1).2 Important substrates for 
AF are fibrosis and inflammation, which form the basis of atrial and ventricu
lar remodeling. One mechanism involved in these processes is activation of 
the renin-angiotensin-aldosterone system (RAAS), causing increased levels 
of angiotensin-II and aldosterone, which stimulate fibrosis, hypertrophy and 
inflammation. 3,4 

Upstream therapy refers to the use of non-antiarrhythmic drugs that mod
ify the atrial substrate to prevent the occurrence of new onset AF (primary pre
vention) or recurrence of the arrhythmia (secondary prevention). It includes 
treatment with RAAS blockers (angiotensin-converting enzyme inhibitors 
[ACEis], angiotensin receptor blockers [ARBs], and aldosterone antagonists 
[ARAs]), statins, and omega-3 polyunsaturated fatty acids. ACEis, ARBs, and 
ARAs may prevent or reduce atrial structural remodeling especially by decreas
ing fibrosis. In addition, these drugs improve hemodynamics by lowering of 
blood pressure and reduction of left ventricular and atrial wall stress.5 Statins, 
known for their lipid-lowering capacities, have a variety of pleiotropic proper
ties including attenuation of inflammation through antiatherogenic and anti
oxidant actions. There is evidence that, through these properties, statins may 
play a protective role against the development of AF.6 Rehabilitation programs 

Hypertension 
Heart failure remodeling 

Figure 1.  l1me course of atrial substrate 
remodeling starting long before the first epi
sode of AF. Substrates for AF include fibrosis 
and inflammation induced by activation of 
the renin-angiotensin-aldosterone system, 
which may be prevented or reduced by 
upstream therapy. Adapted with permission 
from Cosio et al.2 
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AF = atrial fibrillation; ECV = electrical 
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have been introduced as a safe and cost-effective method to increase patients' 
well-being and exercise tolerance. Besides an increase of 20% in peak oxygen 
consumption/ rehabilitation therapy in patients with heart failure is associ
ated with reversed left ventricular remodelling. 8 Interestingly, rehabilitation 
therapy is associated with significantly lower AF incidence in older adults.9 

Rhythm control is the treatment of choice in patients who are symp
tomatic due to AF. Outcome of a pharmacological rhythm control strategy, 
however, is still cumbersome. Upstream therapy may improve outcome of 
pharmacological therapy and, in the long term, may even prevent the need 
for complex pulmonary vein isolation, which is still a complex procedure with 
possibly severe complications. 1 Results of upstream therapy for the prevention 
of AF in animal experiments, hypothesis-generating small clinical studies and 
retrospective analyses in selected patient categories have been encouraging. 
Larger prospective randomized trials, however, did fail to show AF prevention 
with upstream therapy. 10 This disappointing outcome may have been caused by 
inclusion of patients in whom the extent of remodeling was more severe and 
even irreversible due to a longer history of AF and underlying heart disease. In 
patients with a shorter history of AF, remodeling processes are assumingly less 
advanced, providing more opportunities for RAAS blockade to be effective. 
This patient category with a short history of both AF and underlying heart 
disease has not been studied before. In the RACE 3 study we aim to inves
tigate these patients. It is our hypothesis that in patients with early AF and 
mild to moderate early systolic or diastolic heart failure, aggressive upstream 
rhythm control, consisting of non-ion-channel antiarrhythmic drugs (ACEis 
and/ or ARBs, ARAs, and statins), cardiac rehabilitation therapy, counseling 
and dietary restrictions besides conventional heart failure drugs, increases 
persistence of sinus rhythm. The institution of a combination of different 
classes of upstream therapies may have synergistic effects on the atrial sub
strate by decreasing AF directly through reduction of atrial remodeling and 
indirectly through reduction of ventricular remodeling. It is our belief that this 
may ultimately enhance persistence of sinus rhythm and possibly also improve 
prognosis. 

In RACE 3 patients are included with early symptomatic persistent AF 
( total AF history <2 years, total persistent AF duration <6 months, and � 1 pre
vious electrical cardioversion), and mild to moderate early heart failure ( total 
heart failure history < 1 year, and left ventricular function � 45% and NYHA II 
to III, and signs of heart failure, or left ventricular ejection fraction 25 to 45% 
and NYHA class I to III). The primary endpoint of the study is sinus rhythm 
after one year of follow-up, defined as sinus rhythm during �6/7th of assess
able time of continuous seven-day Holter monitoring during the last week of 
the study. 
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Once more1 a study on how to improve therapy and outcome in patients 
with AF is being performed in the Netherlands with financial support of 
the Netherlands Heart Foundation (NHS), the Interuniversity Cardiology 
Institute the Netherlands (ICIN) and the Working Group on Cardiovascular 
Research the Netherlands (WCN). If we succeed in including all 250 patients 
within the next 18 months, this combined effort of cardiologists throughout 
the Netherlands may add to our knowledge on optimal therapy of AF and, 
once again1 may alter forthcoming guidelines for AF. 
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In this thesis we investigated the clinical and therapeutic implications of 
remodeling in AF. We studied a variety of patient categories in order of increas
ing stage of AF severity. We found that in patients with a short history of per
sistent AF, inflammation seemed to be associated with early AF recurrences 
(chapter 2). Inflammation and sleep apnea as risk factors for AF recurrence 
were then discussed ( chapter 3). In permanent AF patients, stringency of rate 
control did not seem to influence atrial and ventricular remodeling. Instead, 
progressive adverse remodeling was observed in females ( chapter 4) . In stable 
severe heart failure patients receiving cardiac resynchronization therapy, low 
atrial natriuretic peptide (ANP) seemed to reflect a hemodynamic status sensi
tive for reverse ventricular remodeling, i.e. response to cardiac synchronization 
therapy, while new-onset AF, permanent AF, and high N-terminal pro-B-type 
natriuretic peptide (NT-proBNP) were associated with increased mortality 
(chapter 5). In AF patients hospitalized for heart failure, the time course of 
AF and heart failure development revealed two distinct clinical conditions: 
patients who developed AF first had a relatively benign prognosis as compared 
with patients who developed heart failure first ( chapter 6). We then assessed 
the potential of influencing the remodeling process in AF by upstream therapy 
including angiotensin converting enzyme inhibitors, angiotensin receptor 
blockers, aldosterone receptor antagonists, and statins ( chapter 7). Upstream 
therapy may be more effective in patients with a short history of AF due to less 
extensive remodeling ( chapter 8) .  

Atrial structural remodeling is  an important contributor to the initiation 
and perpetuation of AF and may play a role in AF-related complications. Atrial 
remodeling starts long before the first manifestation of AF due to underlying 
disease and other conditions (Figure 1). 1 For years, a number of conditions 
have been thought to be associated with an increased risk on AF development. 
Established risk factors include advancing age, hypertension, heart failure, 
valve disease, diabetes, hyperthyroidism, and coronary artery disease (Table 
1).2 Ageing itself can lead to increased vulnerability to development of AF 
through various mechanisms including increasing atrial conduction delay, 
arterial stiffening, and fibrosis, even in the absence of cardiovascular disease.3•4 

Hypertension, heart failure, and valve disease have in common that they lead 
to atrial hemodynarnic overload and stretch, activating a range of processes 
that cause structural remodeling.5 Hypertension is one of the most common 
associated diseases in AF, its prevalence being as high as 80% in the AF patient 
population while this percentage continues to increase, being responsible for 
an increasing AF burden.6•7 Heart failure and valve disease are present in 25-
30% of patients with AF.6 AF and heart failure often co-exist in a reciprocal 
relationship,8 as heart failure may cause AF due to hemodynarnic and neu
rohumoral changes and (extra-) cellular remodeling,9· 1 1  while AF may cause 
or aggravate heart failure through functional changes (i.e. rapid ventricular 
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remodeling 
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response rates, loss of atrioventricular synchrony, loss of atrial transport) 
and/ or structural changes (i.e. cellular and extracellular matrix remodeling 
in atria and ventricles) leading to ventricular dysfunction.5•9·1 1  The causal link 
between diabetes, present in one fifth of AF patients,6 and AF is complex and 
not completely understood but may include direct damage to the atrial tis
sue, atherosclerosis and microvascular disease, autonomic dysregulation, and 
electrical instability.2• 12 Hyperthyroidism is present in 1 % of AF patients.6 The 
causal link between increased thyroid hormone as found in hyperthyroidism 
or, as more recently established, in subclinical hyperthyroidism, may in part 
be explained by an increased sympathetic tone and by direct myocardial dam
age and changes in electrophysiological properties induced by thyroid hor
mone. 2• 13·15 Coronary artery disease is present in over 20% of patients with AF 
and has therefore been classified as a risk factor for AF. 16-18 However, because 
merely an association between coronary artery disease and AF has been dem
onstrated, it is uncertain whether uncomplicated coronary artery disease itself 
causes AF. Furthermore, these associations are based on population studies 
conducted two decennia ago. Indeed, in a more recent AF population referred 
for myocardial perfusion imaging because of possible ischemia as suggested 
by patients' signs and symptoms or by exercise testing, only 3.9% of patients 
actually had significant angiographic coronary artery disease. 19 

Less well-known, less established, or sometimes perhaps even disregarded 
risk factors for AF include a range of clinical conditions, physical character
istics, predisposing factors, lifestyle components, and psychological determi
nants (Table 1). It is uncertain whether all of these conditions are risk factors 
for AF as some may instead be markers representing cardiovascular risk or 
AF severity. Chronic obstructive pulmonary disease is one such condition,2 

though reduced lung function has been shown to be associated with increased 
risk on new-onset AF so there may be a causal link.20 Diastolic dysfunction 
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Figure 1. 11me course of atrial substrate 
remodeling starting long before the first 
episode of AF: Hypothetical representation 
of how underlying disease such as hyperten
sion or heart failure induces atrial remodel
ing long before the onset of AF and of how 
atrial remodeling progresses in relation to 
the clinical appearance of AF. Adapted with 
permission from Cosio et al.1 

AF = atrial fibrillation; ECV = electrical 
cardioversion; SR = sinus rhythm. 



is another clinical condition associated with AF.21 This would seem logical 
because of the strong association between hypertension and AF, but the rela
tion between increasing severity of diastolic dysfunction and incident AF has 
been demonstrated even after adjustment for hypertension history. 

Diastolic dysfunction probably causes increased atrial pressures resulting 
in atrial stretch, again leading to atrial structural remodeling. Sleep apnea is also 
seen in AF patients and may cause atrial remodeling due to rising atrial pressure 
or through autonomic changes, though it is uncertain whether the association 
between sleep apnea and AF is independent of body mass index.22•23 Another 
less established risk factor or risk marker in AF is renal dysfunction. Chronic 
kidney disease, microalbuminuria, and decreasing glomerular filtration rate 

Table 1. Conditions associated with AF 

Established risk factors 

Age2.16,l8,36,51 

Male gender16·36·51 

Hypertension2·16·51·52 

Heart failure2·16·18·36 

Valve disease2.16,18 

Dia betes2,16,l8,51,52 

Hyperthyroidism2·53 

Coronary artery disease2,16,17.51 

Other and less validated associated conditions 

Pulmonary disease2.20 

Diastolic dysfunction21 

Sleep apnea2·72 

Renal dysfunction/ proteinuria2·24 26 

Subclinical thyroid disease13,14,54 

Subclinical atherosclerosis27 

Metabolic syndrome28 

Blood pressure/ pulse pressure18,30.36-37 

Length 1a,3i32 51 

Overweight and obesity2.33.36,51 

Birth weight39 

Genetic factors/ familial predisposition40 

Smoking24.43 

Alcohol4445 

Coff ee(7)34·46 

Endurance training/ excessive exercise31.47·49,55,56 

Psychological determinants34•50 
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have all been associated with incident AF,24-26 and may increase risk on AF
related complications.2 As mentioned previouslYi not only hyperthyroidism, 
but high-normal thyroid dysfunction in the presence of normal thyroid stimu
lating hormone also seems to increase AF risk. 13•27 Subclinical atherosclero
sis is associated with increased AF risk as well.27 The metabolic syndrome, 
and especially certain components of this clinical condition such as elevated 
blood pressure, low high-density lipoprotein cholesterol levels, high body 
mass index, and impaired fasting glucose have been associated with AF.28•29 

Indeed, individual physical characteristics including blood pressure or pulse 
pressure, length, and body weight or obesity, have also been demonstrated to 
be correlated with AF risk, not merely in the presence of the metabolic syn
drome.18•23•30·32,32- 36 For example, even below the threshold for the diagnosis of 
hypertension, increasing blood pressures are associated with incident AF,37•38 

though on the other hand low blood pressures also increase AF risk.38 An early 
life determinant associated with risk on AF is birth weight, as has been demon
strated in women.39 Another important predisposing, non-modifiable factor 
associated with increased AF risk encompasses genetic factors, ranging from 
familial predisposition to monogenic mutations.23•40 42 These factors are diffi
cult to influence, in contrast to lifestyle components such as smoking, alcohol, 
coffee, excessive exercise, and body weight as mentioned previouslYi which all 
have more or less been shown to have an incremental association with devel
opment of AF.23•24•34•43 49 Last, psychological factors including anger and acute 
psychological stress may also increase AF risk.34•50 

It is evident that the number of conditions possibly associated with AF 
is substantial. Awareness of the presence of less well-established conditions 
should increase because many of these conditions, and especially factors 
attributable to lifestyle, should be relatively easy to influence. Furthermore, 
there is an important conclusion that can be drawn when discussing condi
tions such as subclinical hyperthyroidism and blood pressure: the association 
between certain parameters and risk on AF is probably continuous, even when 
parameters are below threshold levels conventionally used to determine clini
cal disease. 

The established and less well established risk factors and conditions men
tioned above may stimulate atrial remodeling long before the onset of AF. 
Structural remodeling induces a substrate for the initiation and perpetuation 
of AF through electrical dissociation. 57 In remodeled atria, triggers such as 
premature atrial complexes can initiate AF. Once AF is present, atrial electro
physiology is modified ("electrical remodeling"), and structural and electrical 
remodeling in the atria further deteriorate, constituting a vicious cycle: ''.AF 
begets AF': 58 This means that atrial structural remodeling in patients with AF is 
caused by both the associated diseases and by AF itsel£ Structural remodeling 
is a progressive condition, as reflected by increasing electrical dissociation dur
ing AF when AF duration increases and as associated diseases progress.57•59•60 

Remodeling may be reversible during early phases of the underlying disease 
and/ or AF, but in severe associated diseases and during later stages of AF, 
permanent damage may be induced. Therefore, in the majority of cases the 
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natural history of AF is characterized by a gradual worsening in time due to 
progressive adverse structural remodeling. 1 Progressive remodeling makes it 
challenging to restore and maintain sinus rhythm and may contribute to the 
occurrence of AF-related complications. 

Atrial structural remodeling encompasses enlarged atria, hypertrophy, 

fibrosis, dedifferentiation, apoptosis, and myolysis.5 In particular, fibrosis con
stitutes the formation of excessive extracellular matrix consisting of mainly 
fibroblasts and elastic and collagen fibers through actions of matrix metallo
proteinases (MMPs) and tissue inhibitors of metalloproteinases (T IMPs) .1 1•6 1  

The precise mechanisms involved in atrial structural remodeling in AF patients 
still remain to be elucidated, though a number of pathways have been iden
tified. These pathways are interrelated and include cellular calcium over
load, the renin-angiotensin-aldosterone system, transforming growth factor 
(TGF)-�1, endothelin-1, natriuretic peptides, inflammation, and oxidative 
stress (Figure 2).5 

Cellular calcium overload is a result of increased atrial rates during AF 
enhancing cardiomyocyte calcium influx, and can be cytotoxic, leading to 
activation of adaptive mechanisms to reduce intracellular calcium. These 
mechanisms incorporate calcium channel remodeling, altered calcium han
dling, and structural changes such as atrial hypertrophy and fibrosis which all 
contribute to calcium overload reduction. 5•62 Activity of the renin-angiotensin
aldosterone system is pronounced in AF due to associated diseases and atrial 
stretch, which causes increased levels of angiotensin II and aldosterone.61•63 

Angiotensin II and/ or aldosterone stimulate cellular hypertrophy, apoptosis, 
interstitial fibrosis through extracellular matrix accumulation, and may also 
have pro-inflammatory properties.61•64 Angiotensin-II upregulates TGF-�1, 
an inflammation-associated cytokine that is an important determinant in the 
signaling cascades stimulating fibrosis. 1 1•63 Atria seem to be particularly prone 
to fibrosis due to TGF-�1, as atrial fibroblasts proliferate more upon TGF-�1 
stimulation than ventricular fibroblasts, even in the absence of ventricular 
dysfunction.1 1  Endothelin-1 is a potent vasoconstrictor produced by vascular 
endothelial cells, smooth muscle cells, fibroblasts, and cardiomyocytes. It is 
promoted by a variety of stimuli including hypoxia, ischemia, and stretch, and 
may stimulate atrial dilatation, hypertrophy, and fibrosis.5•65 Natriuretic pep
tides such as ANP and NT-proBNP are endogenous hormones released from 
atrial and ventricular cells in response to volume expansion and increased wall 
stress. They cause natriuresis, vasorelaxation, inhibit aldosterone and renin, 
and have antihypertrophic, anti-apoptotic, anti-inflammatory, and antifi
brotic effects.5•

61 Natriuretic peptides therefore seem to be part of an adaptive 
response of the atria and ventricles to correct hemodynamic imbalances and 
prevent further remodeling. Inflammation is another mechanism involved in 
remodeling, and can be caused by associated diseases such as hypertension.66 
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Inflammatory cytokines including tumor necrosis factor (TNF)-a and inter
leukin (IL)-6 are potent regulators of extracellular matrix accumulation. Last1 

calcium accumulation and other mechanisms can lead to oxidative stress.63 

Reactive oxygen species activate MMPs and T IMPs and lead to altered extra
cellular matrix metabolism.61•63 Reactive oxygen species are also influenced by 
the renin-angiotensin-aldosterone system through angiotensin-11, which again 
underscores the interrelatedness of the mechanisms involved in atrial struc
tural remodeling.63 

Figure 2. Flow chart showing the series of events caused by stretch. Hypothetical scheme of stretch induced by hypertension, heart failure 
and possibly extreme endurance exercise leading to calcium overload, activation of the renin-angiotensin-aldosterone system (RAAS) and 
release of different factors, resulting in structural remodeling and finally in AF. Adapted with permission from De Jong et al .5 
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Components of atrial structural remodeling can be found in atrial tis
sue biopsies of AF patients, including enlarged atria, hypertrophy, fibrosis, 
cell death, myolysis, and inflammation.5 It is neither possible nor desirable 
to obtain atrial tissue biopsies from the AF patient in clinical practice, which 
means that physicians and researchers will have to contend with less or non
invasive surrogate markers to assess the degree of atrial remodeling in AF 
patients. These markers include clinical parameters such as age, associated 
disease, and AF duration, parameters obtained through imaging or other 
non-invasive techniques, and circulating biomarkers involved in the structural 
remodeling process. 

There is probably quite some overlap between clinical parameters that 
can suggest severity of remodeling and clinical conditions associated with 
increased risk on AF as mentioned in Table 1. It is unknown whether there is 
a straightforward correlation between these clinical parameters and the extent 
of remodeling, nor has the influence on structural remodeling been investi
gated for all of these clinical parameters. Clinical conditions in which atrial 
remodeling has been substantiated include increasing age, hypertension, heart 
failure, valve disease, and increasing AF duration. s,u ,57,66"68 Gender may be 
another clinical parameter, as females may be more at risk of adverse remodel
ing than males (chapter 4).69 In general, clinical parameters seem to be non
specific measurements, representing an overall risk on atrial remodeling in AF 
patients. 

Imaging and other non-invasive techniques can be used to measure degree 
of atrial remodeling in more specific terms and are increasingly being devel
oped. One of the most simple and easily applicable tools consists of transtho
racic echocardiography. Atrial dilatation is one of the changes seen in atrial 
remodeling, and increased echocardiographic left atrial size has been shown 
to be correlated with degree of atrial fibrosis. 70 Atrial size can be assessed by 
measuring linear dimensions of left and right atria, though they inaccurately 
represent true atrial size because of asymmetric remodeling of the atrial cham
bers.71 Atrial volume measurements provide more accurate assessments. Left 
atrial volume can be quantified using various methods, of which the biplane 
Simpson's method is considered to be the most accurate.71 There are less data 
available on quantification of right atrial size, and because biplane measure
ments are not standard, we have to contend with less accurate single plane 
methods for assessment of right atrial volume.71 W hen assessing atrial size it is 
important to realize that these dimensions are influenced by body size. Atrial 
measurements should therefore be indexed to body size in order to be able to 
compare atrial sizes between patients,71 especially between males and females. 
Since atrial volumes are assessable, it is possible to determine atrial ejection 
fractions, which could possibly reflect atrial function. An upcoming method 
to assess atrial function consists of Doppler-derived atrial strain rate imaging, 
which reflects atrial myocardial deformation and may be a potential marker of 
atrial remodeling, 72•73 though this method is technically limited due to the thin 
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atrial wall. Other accurate tools to quantify atrial size consist of magnetic reso
nance imaging, multi-slice computed tomography, and real-time three-dimen
sional echocardiography, 74 though as of today, these methods are not easily 
applied in clinical practice. Magnetic resonance imaging is more recently also 
being used to detect atrial fibrosis using delayed enhancement techniques.75 

Beside atrial size and fibrosis, electrophysiological parameters can represent 
remodeling. Using tissue velocity imaging assessed with transthoracic echo
cardiography, it is possible to measure total atrial conduction time during sinus 
rhythm and cycle length of the atrial fibrillatory wall motion and atrial fibril
latory wall velocities during AF.76•77 Mapping studies reveal electrical activity 
observed in AF, showing conduction disturbances caused by atrial remodeling 
and thereby representing the complexity of the atrial substrate.78

•
79 However, 

mapping constitutes an invasive technique that is performed during cardiac 
surgery or electrophysiological studies. Noninvasive electrocardiographic 
mapping tools are now being developed, using between 56 and 256 electrodes 
applied to the patients' torso surface, 80 82 and seem to be promising techniques 
to assess severity of atrial remodeling in the AF patient in clinical practice. 

Circulating biomarkers measured in serum or plasma that may be involved 
in atrial remodeling may indeed also reflect severity of atrial remodeling. One 
limitation of these biomarkers is that they are also affected by other factors 
such as underlying disease and ventricular remodeling, and as of today no 
atrium-specific biomarker has been identified.83 A broad range of biomark
ers have been studied in relation to atrial remodeling, incident AF, and AF 
progression. These biomarkers include direct components of the renin-angio
tensin-aldosterone system, i.e. renin, angiotensin II, and aldosterone; TGF
� 1; natriuretic peptides and other markers of hemodynamic stress such as 
apelin; inflammatory markers including (high sensitivity) C-reactive protein 
( CRP), TNF-a, IL-6, soluble intercellular adhesion molecule-I, fibrinogen, 
and myeloperoxidase; markers of oxidative stress such as homocysteine; the 
vasoconstrictor endothelin-1; and downstream profibrotic markers including 
MMPs and TIMPs.65•8+90 Regarding incident AF in the general population, 
natriuretic peptides and inflammatory markers seem to have the best predic
tive value, 84

•
88

•
89

•
91 though such results should be interpreted with the limitation 

kept in mind that not all potential biomarkers involved in atrial remodeling 
have been studied. Regarding AF progression, the balance between MMPs 
and TIMPs seems to differ between paroxysmal and persistent AF, suggesting 
that the intensity of collagen turnover is related to AF burden.92 The inflam
matory biomarkers IL-6 and CRP have been shown to be positively related 
to increased left atrial diameter and AF duration even in nonoperative-related 
AF.93 In heart failure patients, ANP is positively correlated with increasing AF 
burden in AF patients, though a correlation between ANP and increasing left 
atrial volume only exists in patients without AF ( chapter 5). Low ANP also 
seems to reflect a hemodynamic status sensitive for reverse ventricular remod
eling, i.e. response to cardiac synchronization therapy, in heart failure patients 
( chapter 5). A number of biomarkers seem to be predictive of AF recurrence, 
perhaps reflecting more extensive remodeling, though studies have shown 
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varying results. Increased TGF-�1 levels have been associated with failure of 
electrical cardioversion, 85 and increasedANP and NT-proBNP seem to predict 
AF recurrence in patients with paroxysmal and/ or persistent AF. 87•94 Several 
studies have demonstrated a relation between CRP and recurrence of AF,95•96 

though in general the association between inflammatory biomarkers and AF 
recurrence is not robust.97 The varying associations found between circulat
ing biomarkers and AF recurrence and progression can probably be explained 
by the heterogeneous study populations with varying underlying disease, AF 
history, and type of AF, by diverse selections of biomarkers investigated, by 
differences in time points at which the biomarkers were assessed, e.g. during 
AF directly before cardioversion or later during sinus rhythm, and by different 
endpoints and definitions of AF recurrence used. Levels of biomarkers can be 
influenced by severity of underlying disease and by the presence and duration 
of AF.98•99 Furthermore, specific mechanisms may influence type of AF recur
rence, e.g. inflammation and thus inflammatory biomarkers may be associated 
with early AF recurrences, while fibrosis and thus fibrotic biomarkers may be 
associated with progression to permanent AF ( chapter 2 ) .  

Atrial remodeling is a progressive condition, making i t  challenging to 
restore and maintain sinus rhythm in patients with AF and perhaps contrib
uting to the occurrence of AF-related complications. Indeed, paroxysmal AF 
progresses to persistent or permanent AF in a substantial number of patients 
(Table 2). In patients with persistent AF, recurrence rates within one month 
after electrical cardioversion are high, ranging between 37% and 68%. 100

•
1 02 

Despite rhythm control treatment, within a year persistent AF progresses to 
permanent AF in one third of persistent AF patients. 102

•
103 As shown in Table 

2, and as can be appreciated from a pathophysiological point of view, progres
sion rates seem to vary depending on the varying prevalence of underlying 
disease. Recently a scoring system was developed to help identify patients who 
are likely to progress to persistent AF within one year: in the HATCH (heart 
failure, age, previous transient ischemic attack or stroke, chronic obstructive 
pulmonary disease, hypertension) score, one point is scored for every compo
nent.7 In the Euro Heart Survey study, almost half of patients with a HATCH 
score > S progressed to persistent AF while AF progression was observed in 
only 6% of patients with a HATCH score of 0.7 

AF progression is probably of clinical and prognostic relevance, since 
increased major adverse events including hospital admissions and stroke 
are observed in patients in whom AF progresses to more sustained forms.7 

Interestingly, the CHADS2 ( cardiac failure, hypertension, age, diabetes, stroke 
[doubled] ) risk score, used to assess stroke risk in AF patients, 2 contains 
almost the same components as the HATCH score. Markers of AF progres
sion therefore also seem to be markers of AF-related complications. At first 
glance it would therefore seem logical that AF progression is associated with 
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Table 2. Progression of AF 

Study 

Kerr et al., 

Canadian registry of AF 104 

De Vos et al., 
Euro Heart Survey7 

Smit et al. 
(chapter 2) 

Gianfranchi et al.105 

Ruigomez et al.106 

Patients 

Median age 64 years 
38% female 
100% paroxysmal AF 
37% hypertension 

15% heart failure 
30% coronary artery disease 

15% respiratory disease 

Mean age 64 years 
43% female 

14% first detected AF 
86% paroxysmal AF 

62% hypertension 
21% heart failure 
19% valve disease 
32% coronary artery disease 

11% respiratory disease 

Mean age 65 years 
26% female 
100% persistent AF 
67% hypertension 
20% heart failure 
18% coronary artery disease 

10% respiratory disease 

Mean 70 years 
49% female 
100% paroxysmal AF + 
AVJ ablation + dual-chamber PM 
10% valve disease 
19% coronary artery disease 
41% other cardiac disease (22% after 1 year) 

Mean age males 67 years 
Mean age females 73 years 
51% female 

100% paroxysmal AF 
43% coronary artery disease 

7% valve disease 
7% other cardiac disease 

Kato et al.107 (Japanese study) Mean age 58 years 

27% female 

Jahangir et al., 

Olmsted County108 

100% paroxysmal AF 
35% hypertension 

21% heart failure 
21% valve disease 

16% coronary artery disease 

Mean age 44 years 
22% female 
45% paroxysmal AF 

49% persistent AF 
7% permanent AF 
100% lone AF 

AF = atrial fibrillation; AVJ = atrioventricular junctional; PM = pacemaker. 
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Follow-up 

1 year 

1 year 

1 year 

23 months 

2.7 years 

14.1 years 

25.2 years 

AF progression 

8.6% progressed to chronic AF 

15% progressed to persistent AF 

29% progressed to permanent AF 

35% progressed to permanent AF 

16.7% progressed to chronic AF 

77.2% progressed to chronic AF 
(5.5% per year) 

31% of paroxysmal/ persistent AF 
patients progressed to permanent AF 



worse outcome because progression risk increases as severity of associated dis
eases increases, which themselves may be responsible for higher event rates. 
On the other hand, large baseline left atrial size and increasing left atrial size 
during follow-up are associated with adverse cardiovascular events in hyper
tensive patients and lone AF patients, respectively. 109•1 1 0 There also seems to 
be some evidence that, at least in patients with heart failure, development 
of AF in patients with a known heart failure history ( chapters 5 and 6) and 
increasing AF burden ( chapter 5) is independently associated with worse 
prognosis. However, it remains difficult to establish whether adverse atrial 
remodeling and increasing AF burden or AF progression independently lead 
to adverse events or whether they just reflect severity of the associated dis
ease, as until now we have not succeeded in eliminating AF. 1 1 1 • 1 12 This problem 
may therefore only be solved once we can truly maintain sinus rhythm and 
reverse atrial remodeling in the AF patient. Current studies investigating out
come after catheter ablation in AF such as the CABANA trial ( ClinicalTrials. 
gov Identifier N CT0091 1508) and the EAST trial ( conducted by the German 
Atrial Fibrillation Competence Network and the European Heart Rhythm 
Association) may therefore provide more insight into the question whether 
true elimination of AF will actually improve prognosis. 

Current management of AF is aimed at preventing AF-related events and 
at reducing symptoms.2 Prevention of AF-related events relies on adequate 
detection and treatment of associated diseases, anticoagulation, and control of 
ventricular rate (Figure 3 ). Symptom reduction is primarily pursued with rate 
control therapy, though additional rhythm control consisting of cardioversion, 
antiarrhythmic drug therapy, or ablation may be required. Regarding rate con
trol, lenient rate control has been shown to be neither related to more adverse 
atrial and ventricular remodeling ( chapter 4) nor to increased cardiovascular 
morbidity and mortality than strict rate control in permanent AF patients. 1 13 

This makes it reasonable to initiate a lenient rate control strategy aimed at a 
resting heart rate < 1 10 beats per minute in patients with AF.2 

In the future, management of AF will probably expand (Figure 3). 
Aggressive detection and treatment of associated conditions including con
ditions and risk factors that previously were not considered to be pathologi
cal, such as subclinical hyperthyroidism and high-normal blood pressures, 
may become increasingly important. Treatment of associated conditions and 
modifiable risk factors should become more stringent and will probably incor
porate therapies aimed against atrial remodeling and stimulation to adopt a 
healthy lifestyle, though it remains to be investigated whether this will improve 
outcome in terms of AF progression and AF-related events. Of interest, such 
treatment could even prevent AF to ever develop if started long before the 
first manifestation of AF. Indeed, primary prevention will become an ultimate 
goal in AF management, but it requires adequate identification of patients at 
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risk for AF and adequate, tailored treatment. Improved understanding of the 
genetic basis of AF is expected to play an important role in the development of 
tailored primary prevention therapies. 

Upstream therapy, including renin-angiotensin-aldosterone system inhib
itors and statins, should possibly also be incorporated in the management of 
AF (Figure 3 ) .2 Various upstream therapies are already indicated in a variety of 
associated diseases including hypertension and heart failure, and they may halt 
the structural remodeling process by targeting components of atrial remod
eling including fibrosis, inflammation, and oxidative stress. Indeed, reverse 
echocardiographic remodeling has even been observed in patients with ongo
ing AF ( chapter 4) . Upstream therapy may improve outcome of rhythm 
control therapy and could prevent or postpone the need for ion-channel anti
arrhythmic drugs and/ or ablation while having less side-effects and lower 
risk on adverse events (chapter 7). 1 14 Beside prevention of AF progression 

Figure 3. Schematic representation of current and possible future components of AF treatment with atrial remodeling in the background. 
Long before AF is diagnosed, identification of patients at risk for AF (white box) in order to start treatment of modifiable risk factors and 
other therapies targeted against atrial remodeling (medium green box) may prevent development of AF, i.e. primary AF prevention. Such 
therapies may also improve rhythm control in AF (secondary prevention) and reduce adverse events. A healthy lifestyle (dark green box) 
should be incorporated in everyday life and may also prevent AF development, AF progression, and adverse events. Once AF is present, 
the three light green boxes denote current established treatment recommendations in case of diagnosed AF.2 Rhythm control is now 
recommended to support symptom reduction if required. In the future rhythm control should be tailored to the individual patient based on 
the extent of atrial remodeling and, if true sinus rhythm can be maintained, may ultimately reduce adverse events. 

AF = atrial fibrillation. 

llme 

Healthy lifestyle stimulation 
pnmary+secondary AF prevention (?), adverse event reduction (?) 

Upstream therapy and treatment of other modifiable ris ctors 
primary+secondary AF prevention (7), adverse event red lion (7) 

ldentif ication of patients 
at risk for AF 

t 

(Early and tailored) rhythm control 
secondary AF prevention, symptom reduction, 

adverse event reduction (7) 

AF diagnosed 
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by improvement of rhythm control, there is evidence that upstream therapy 
also lowers the risk on cardiovascular morbidity and mortality in AF patients 
( chapter 6). 1 15-1 18 Over the past years, a trend towards reduction of events can 
be observed (Figure 4), probably because of improved treatment of associ
ated conditions in which upstream therapy may play a role. Due to the increas
ing prevalence of AF especially in the elderly and its impact on cardiovascular 
morbidity and mortality, upstream therapy constitutes a promising and safe 
intervention that can improve outcome in AF and therefore promote healthy 
ageing. Similarly, dronedarone could become an important constituent of AF 
treatment. This new antiarrhythmic drug has a beneficial safety profile both in 
AF patients without structural heart disease and in those with stable mild to 
moderate heart disease. 1 1 9•120 Dronedarone may improve outcome of rhythm 
control therapy and has been shown to reduce cardiovascular hospitalizations 
in patients with AF. 1 19- 12 1 

Based on the current knowledge, assessment of the degree of atrial remod
eling will be useful to identify which AF patients will respond to therapies 
aimed at halting AF progression and improving outcome. Such assessment 
will enable institution of tailored therapy for the individual AF patient. For 
example, in patients in whom the damage of the remodeling process has 
become permanent, rhythm control should not be attempted anymore. 
On the other hand, in patients with a short history of AF, the substrate for 
AF is probably less complex and may be even reversible when rhythm con
trol, complemented by upstream therapy, is initiated early during the course 
of the disease. 122•123 Early catheter ablation could become part of such early 
rhythm control management. Other tailored therapy in AF patients could 
consist of specific therapies targeting specific mechanisms involved in the 
remodeling process. 

Yearly cardiovascular event rate in RACE I and II studies 

Rate 
control 

Rhythm 
control 

RACE I 

Lenient Strict 
rate control rate control 

RACE II 

c:::J Pacemaker 
c:::J Adverse drug effects 
c:::J Major bleeding 
c:::J Thrombo-embolism 
E::l Heart failure 

CV mortality 

Figure 4. Yearly cardiovascular morbid
ity and mortality rate in the RACE I study 
(published in 2002) 112 and the RAte 
Control Efficacy in permanent atrial 
fibrillation (RACE) II study (published in 
2010).113 
CV = cardiovascular. 
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For instance, short and intensive anti-inflammatory treatment with glucocor
ticoids started short before and stopped one month after electrical cardiover
sion may prevent early AF recurrences, which consequently could decrease 
the risk on AF progression ( chapter 2). W hether true maintenance of sinus 
rhythm and reversal or interruption of the atrial remodeling process will 
ultimately improve outcome in AF patients remains to be elucidated. Future 
studies aimed at improving detection of the extent of remodeling and at inves
tigating new treatment strategies specifically tailored to the "severity of AF" in 
individual AF patients are much awaited for. 
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Atrial fibrillation is the most common cardiac arrhythmia. Currently more 
than 6 million people in Europe are affected and this number is expected to 
increase twofold during the next 30 to SO years partly due to the ageing popu
lation. Atrial fibrillation is responsible for an increased risk on death, stroke, 
and heart failure, reduced exercise capacity, and an impaired quality of life, 
even though treatment has improved over the past decades. Furthermore, 
atrial fibrillation is a persevering arrhythmia that keeps on recurring despite 
continuing attempts to restore normal sinus rhythm including electrical car
dioversions and strong anti-arrhythmic drugs. This means that there is still 
much progression to be made in the treatment of atrial fibrillation. 

Over the past years the role of structural atrial remodeling in atrial fibril
lation has increasingly become apparent. Structural remodeling of the atrial 
chambers of the heart constitutes atrial dilatation and changes in the atrial 
tissue including enlargement of cardiac muscle cells, fibrosis ( deposition of 
elastic and collagen fibers between cardiac muscle cells), changes in function 
of cardiac cells, and programmed cell death. Remodeling starts long before 
the first manifestation of atrial fibrillation due to increasing age and underly
ing conditions such as increased blood pressure, heart failure, valve disease, 
and diabetes, and is probably also influenced by other factors such as genetic 
and environmental influences. As a consequence of structural remodeling, a 
substrate is created for atrial fibrillation due to electrical dissociation between 
muscle bundles and disarray of conduction circuits which favors the develop
ment and perseverance of atrial fibrillation. Furthermore, once atrial fibril
lation develops, it activates the structural remodeling processes even more, 
causing a vicious cycle. Hence, structural remodeling in patients with atrial 
fibrillation is caused both by the associated conditions and by atrial fibrilla
tion itself. Structural remodeling may be reversible during early phases of atrial 
fibrillation, but permanent damage may be induced during later stages of atrial 
fibrillation and in severe associated diseases. Therefore, in the majority of cases 
the natural history of atrial fibrillation is characterized by a gradual worsen
ing in time due to progressive structural remodeling. This explains why atrial 
fibrillation is such a perseverant arrhythmia. Furthermore, the continuing 
remodeling processes may also contribute to the impaired prognosis in atrial 
fibrillation patients. 

Assessment of the degree of structural remodeling in patients with atrial 
fibrillation could therefore be useful for identifying patients who will respond 
to treatment aimed at restoring and maintaining normal sinus rhythm or other 
therapies aimed at freezing the progression of atrial fibrillation and improving 
outcome. As of today, however, it is difficult to directly measure the degree of 
remodeling in atrial fibrillation patients. Indirectly, degree of remodeling may 
be reflected by clinical parameters such as age, underlying disease, and dura
tion of atrial fibrillation, echocardiographic parameters such as atrial size, and 
markers ("biomarkers") obtained from blood samples that may be involved in 
the remodeling process. 

Therapy that halts the remodeling process in atrial fibrillation is called 
upstream therapy. Upstream therapy targets specific mechanisms involved 
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in atrial remodeling and generally has a side-effect profile preferable to con
ventional antiarrhythmic medication. Examples of upstream therapy include 
angiotensin-converting-enzyme inhibitors (antihypertensive medication) and 
statins (lipid-lowering medication).  Such therapy may be more effective in 
atrial fibrillation patients in whom remodeling processes are less extensive and 
perhaps even reversible, such as patients with a short history of atrial fibrilla
tion ("short-lasting atrial fibrillation") and/ or underlying disease. 

The aim of this thesis was to investigate the clinical and therapeutic impli
cations of remodeling in atrial fibrillation. In chapter 1 the general introduc
tion and background of this thesis was discussed, as summarized above. 

Then a variety of patient categories with increasing stages of severity of 
atrial fibrillation and underlying disease were studied. In chapter 2 we started 
off with patients with short-lasting atrial fibrillation, whom have never been 
studied before. We assessed the mechanisms of atrial remodeling involved in 
early atrial fibrillation recurrence by investigating several markers of remod
eling. Short-lasting atrial fibrillation patients undergoing treatment to restore 
normal sinus rhythm ("rhythm control") were included in this study, and 
various markers of remodeling were collected, including risk factors and 
underlying disease, echocardiographic parameters, and biomarkers obtained 
from blood samples. We found that recurrences within one month ("early 
atrial fibrillation recurrences") seemed to be predominantly associated with 
inflammation. This finding is clinically valuable, because this could imply that 
specific treatment targeting inflammation may increase restoration and persis
tence of normal sinus rhythm. In chapter 3 we discussed various mechanisms 
and risk factors involved in atrial remodeling, including inflammation and the 
sleep apnea syndrome. 

In chapter 4 we moved on to permanent atrial fibrillation patients in 
whom restoration of normal sinus rhythm is not attempted anymore. The pri
mary treatment in patients with permanent atrial fibrillation consists of rate 
control, which means that the fast heart rate in atrial fibrillation is lowered by 
use of rate control medication. We investigated whether remodeling was influ
enced by the strictness in which heart rate was controlled. Changes in echocar
diographic parameters were compared between patients undergoing lenient 
rate control therapy (heart rate < 1 10 beats per minute) and patients undergo
ing strict rate control therapy (heart rate < 80 beats per minute). We found 
that lenient rate control did not seem to lead to more adverse remodeling than 
strict rate control. Instead, adverse remodeling was observed in females. 

Patients receiving a special biventricular pacemaker to improve prog
nosis in severe heart failure, called cardiac resynchronization therapy, were 
studied in chapter 5. Not all patients respond to cardiac resynchronization 
therapy, and atrial fibrillation may be one of the factors influencing effective
ness of this treatment modality. In this study we investigated the influence of 
natriuretic peptides (biomarkers of hemodynamic stress released from atrial 
and ventricular tissue) and atrial fibrillation on two outcome parameters of 
cardiac resynchronization therapy. These outcome parameters consisted of 
response, defined as reversal of ventricular chamber dilatation, and mortality. 
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We found that low levels of atrial natriuretic peptide and dilated ventricular 
chambers were associated with response to cardiac resynchronization therapy. 
Furthermore, we found that development of atrial fibrillation for the first time 
("new-onset atrial fibrillation"), permanent atrial fibrillation, and elevated 
levels of N-terminal pro-B-type natriuretic peptide were associated with 
increased mortality. 

The most severe patient category studied in this thesis consisted of patients 
with atrial fibrillation hospitalized for heart failure ( chapter 6). We assessed 
their prognosis based on the time course in which atrial fibrillation and heart 
failure developed. In other words, we compared clinical presentation and out
come between patients who developed atrial fibrillation before or consecu
tively with heart failure ("atrial fibrillation first") and patients who developed 
atrial fibrillation after heart failure ("heart failure first"). Two distinct clinical 
conditions were revealed: patients who developed atrial fibrillation first had a 
relatively benign prognosis as compared with patients who developed heart 
failure first. 

We then assessed the potential of influencing the remodeling process and 
outcome of atrial fibrillation by upstream therapy. In chapter 7 we reviewed 
the current literature regarding upstream therapy for atrial fibrillation, includ
ing angiotensin-converting-enzyme inhibitors, angiotensin receptor blockers, 
aldosterone receptor antagonists, and statins. In chapter 8 we discussed why 
upstream therapy may not be effective in all atrial fibrillation patients and 
provided the rationale and design of the Routine versus Aggressive upstream 
rhythm Control for prevention of Early atrial fibrillation in heart failure 
(RACE 3) study, performed in short-lasting atrial fibrillation patients in whom 
we expect that upstream therapy will be effective in freezing atrial fibrillation 
progression. 

Finally we discussed the overall clinical and therapeutic implications 
of remodeling in atrial fibrillation in chapter 9 while referring to the find
ings of this thesis. In the future, we believe that assessment of the degree of 
atrial remodeling will be useful to develop therapies aimed at freezing atrial 
fibrillation progression that are specifically tailored to the individual patient. 
Ultimately such therapies will improve prognosis of atrial fibrillation. 
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Boezemfi.brilleren is de meest voorkomende hartritmestoornis. Op dit 
moment hebben meer dan 6 miljoen mensen in Europa deze ritmestoor
nis en de verwachting is dat dit aantal zich de komende 30 tot 50 jaar zal ver
dubbelen, mede door de vergrijzing. De gevolgen van boezemfibrilleren zijn 
emstig: een verhoogd risico op overlijden, beroerte en hartfalen, een afgenomen 
inspanningstolerantie en een afgenomen kwaliteit van leven. Ondanks continue 
inspanningen om het normale sinusritme te herstellen met behulp van onder 
andere elektrische cardioversies en sterke anti-aritmische medicijnen, keert 
deze stoornis steeds terug. Dit betekent dat er nog veel te verbeteren valt aan de 
behandeling van boezemfibrilleren. 

De afgelopen jaren is de rol van structurele remodeling in de boezems 
("atria") ten aanzien van boezemfi.brilleren steeds duidelijker aan het worden. 
Structurele remodeling van de boezemkamers van het hart bestaat uit dilatatie 
( vergroting) van de boezems en veranderingen in het boezemweefsel, zoals 
vergroting van hartspiercellen, fibrose (afzetting van elastische en collageen
vezels tussen de hartspiercellen), veranderingen in functie van hartcellen en 
geprogrammeerde celdood. Remodeling begint, lang voordat boezemfibrilleren 
zich voor het eerst manifesteert, door toenemende leeftijd en onderliggende 
aandoeningen zoals verhoogde bloeddruk, hartfalen, hartklepaandoeningen 
en suikerziekte, en wordt waarschijnlijk ook bemvloed door genetische en 
omgevingsfactoren. Als gevolg van structurele remodeling wordt een substraat 
voor boezemfi.brilleren gecreeerd dat de ontwikkeling en instandhouding van 
boezemfi.brilleren bevordert dankzij elektrische dissociatie tussen hartspierbun
dels en wanorde in geleidingsbanen. Bovendien wordt het structurele remodel
ingsproces nog verder geactiveerd zodra boezemfbrilleren eenmaal aanwezig is, 
waardoor een vicieuze cirkel ontstaat. Structurele remodeling bij patienten met 
boezemfi.billeren wordt dus zowel veroorzaakt door onderliggende aandoenin
gen als door boezemfibrilleren zelf. Structurele remodeling kan omkeerbaar zijn 
in vroege fasen van boezemfi.brilleren, maar in latere stadia en bij emstige onder
liggende aandoeningen kan de schade permanent zijn geworden. In de meeste 
gevallen wordt het natuurlijke beloop van boezemfibrilleren dus gekenmerkt 
door een geleidelijke verslechtering door progressieve structurele remodel
ing. Dit verklaart waarom boezemfi.brilleren zo'n hardnekkige ritmestoornis is. 
Bovendien zou het continuerende remodelingsproces ook een bijdrage kunnen 
leveren aan de verminderde prognose van patienten met boezemfibrilleren. 

Voor de identificatie van patienten met boezemfi.brilleren die zullen rea
geren op behandeling gericht op herstel en behoud van het normale sinus
ritme of op andere behandelingen gericht op het stilzetten van progressie van 
boezemfibrilleren en het verbeteren van de prognose, zou een inschatting van de 
mate van structurele remodeling bruikbaar kunnen zijn. Vandaag de dag is het 
echter moeilijk om de mate van remodeling rechtstreeks te meten in patienten 
met boezemfibrilleren. Indirect zou de mate van remodeling vertegenwoor
digd kunnen worden door klinische parameters zoals leeftijd, onderliggende 
ziekte en duur van boezemfi.brilleren, echocardiografische parameters zoals 
boezemgrootte, en stofjes in het bloed ("biomarkers") die betrokken zijn bij het 
remodelingsproces. 
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Behandeling die het remodelingsproces stilzet heet upstream therapy. 
Upstream therapy richt zich op specifieke mechanismen die betrokken zijn 
bij atriale remodeling en heeft vaak een gunstiger bijwerkingenprofiel clan 
gebruikelijke antiaritmische medicatie. Voorbeelden van upstream therapy 
zijn angiotensine-converting-enzyme inhibitoren (bloeddrukverlagende 
medicatie) en statines (cholesterolverlagende medicatie). Dergelijke thera
pie zou effectiever kunnen zijn bij patienten bij wie de remodelingsprocessen 
minder vergevorderd zijn en misschien zelfs ornkeerbaar, zoals patienten met 
een korte voorgeschiedenis van boezemfibrilleren ("kortdurend boezemfi
brilleren") en/ of onderliggende hartziekte. 

Het doel van dit proefschrift was om de klinische en therapeutische impli
caties van remodeling in boezemfibrilleren te onderzoeken. In hoofdstuk 1 
werd de algemene introductie en achtergrond van dit proefschrift behandeld, 
zoals boven is samengevat. 

Daarna werd een reeks patientencategorieen bestudeerd in volgorde van 
toenemende ernst van boezemfibrilleren en onderliggende aandoeningen. 
In hoofdstuk 2 begonnen we met patienten met kortdurend boezemfibril
leren. Deze categorie patienten is nooit eerder bestudeerd. We onderzochten 
mechanismen van atriale remodeling die betrokken zijn bij het recidiveren 
van boezemfibrilleren door diverse parameters van remodeling te analyseren. 
Patienten met kortdurend boezemfibrilleren die een behandeling ondergin
gen om het normale sinusritme te herstellen ("ritmecontrole") werden in deze 
studie ingesloten en er werden verscheidene remodelingsparameters verza
meld, zoals risicofactoren en onderliggende aandoeningen, echocardiogra
fische parameters en biomarkers die in het bloed zijn gemeten. We ontdekten 
dat het recidiveren van boezemfibrilleren binnen een maand ("vroege recidi
even") vooral geassocieerd leek te zijn met inflammatie, ofwel ontsteking. Deze 
bevinding is klinisch relevant, want dit zou kunnen betekenen dat bepaalde 
therapieen, die inflammatie aanpakken, het herstel en behoud van het normale 
sinusritme zouden kunnen verbeteren. In hoofdstuk 3 bespraken we diverse 
mechanismen en risicofactoren die betrokken zijn bij atriale remodeling, zoals 
inflammatie en het slaapapneusyndroom. 

In hoofdstuk 4 gingen we verder met patienten met permanent boezem
fibrilleren, bij wie er geen pogingen meer warden gedaan om het normale 
sinusritme te herstellen. De primaire behandeling van deze patienten bestaat 
uit rate control, ofwel het verlagen van de snelle hartslag met behulp van rate 
control medicatie. We onderzochten of remodeling bei:nvloed werd door de 
strengheid waarop de hartslag werd beheerst. Veranderingen in echocardio
grafische parameters werden vergeleken tussen patienten die met soepele rate 
control behandeld werden (hartslag < 1 10 slagen per minuut) en patienten die 
met strenge rate control behandeld werden (hartslag < 80 slagen per minuut). 
We ontdekten dat soepele rate control niet tot meer nadelige remodeling leek 
te leiden clan strenge rate control. In plaats daarvan bleek juist dat nadelige 
remodeling plaatsvond bij vrouwen. 

Patienten die een speciale pacemaker ontvingen die bedoeld is om de 
prognose te verbeteren van ernstig hartfalen, zogenaamde cardiale resynchro-
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nizatietherapie, werden bestudeerd in hoofdstuk 5. Niet alle patienten die 
cardiale resynchronizatietherapie ondergaan reageren goed op deze behandel
ing. Boven di en kan boezemfi.brilleren de effectiviteit van deze th era pie nadelig 
be'invloeden. In deze studie onderzochten we de invloed van natriuretische 
peptiden (biomarkers van hemodynamische stress die uitgescheiden worden 
door boezem- en kamerweefsel) en boezemfi.brilleren op twee uitkomstpa
rameters van cardiale resynchronizatietherapie. Deze uitkomstparameters 
bestonden uit respons, gedefinieerd als omkering van hartkamerdilatatie, en 
overlijden ("mortaliteit"). We ontdekten dat lage spiegels van atriale natriure
tische peptide en gedilateerde hartkamers geassocieerd waren met respons op 
cardiale resynchronizatietherapie. Ten tweede bleek dat er drie factoren waren 
geassocieerd met toegenomen mortaliteit: het ontwikkelen van boezemfibril
leren voor de eerste keer, permanent boezemfi.brilleren en hoge spiegels van 
N-terminal pro-B-type natriuretische peptide. 

De meest emstige patientencategorie die in dit proefschrift werd onder
zocht bestond uit patienten met boezemfi.brilleren die zijn opgenomen voor 
hartfalen (hoofdstuk 6).  We onderzochten hun prognose gebaseerd op de 
volgorde waarin boezemfi.brilleren en hartfalen zich hebben ontwikkeld. 
Met andere woorden: we vergeleken de klinische presentatie en uitkomst 
tussen patienten die boezemfibrilleren v66r of tegelijkertijd met hartfalen 
ontwikkelden ("boezemfi.brilleren eerst") en patienten die boezemfibrilleren 
mi hartfalen ontwikkelden ("hartfalen eerst"). We ontdekten dat dit twee 
afzonderlijke klinische aandoeningen onthulde. Patienten die eerst boezem
fibrilleren ontwikkelden hadden een relatief gunstige klinische presentatie en 
prognose vergeleken met patienten die eerst hartfalen ontwikkelden. 

Daama bespraken we de mogelijkheid om het remodelingsproces en de 
prognose van boezemfi.brilleren te be'invloeden met behulp van upstream the
rapy. In hoofdstuk 7 bekeken we de huidige literatuur over upstream therapy 
voor boezemfibrilleren, zoals angiotensine-converting-enzyme inhibitoren, 
angiotensinereceptorblokkers, aldosteronreceptorantagonisten en statines. In 
hoofdstuk 8 bediscussieerden we de vraag of upstream therapy effectief is in 
alle patienten met boezemfi.brilleren. Ook verschaften we de achtergrond en 
het design van de Routine versus Aggressive upstream rhythm Control for pre
vention ofEarly atrial fibrillation in heart failure (RACE 3) studie. Deze studie 
wordt uitgevoerd in patienten met vroeg boezemfi.brilleren, bij wie we verwa
chten dat upstream therapy effectief zal zijn in het stilzetten van progressie van 
boezemfi.brilleren. 

Tot slot behandelden we in hoofdstuk 9 de algehele klinische en thera
peutische implicaties van remodeling in boezemfi.brilleren waarbij we ver
wezen naar de bevindingen van dit proefschrift. In de toekomst denken we 
dat inschatting van de mate van atriale remodeling gebruikt kan worden om 
behandelingen, gericht op het stilzetten van progressie van boezemfi.brilleren, 
te ontwikkelen die op maat gemaakt zullen word en voor de individuele patient. 
Uiteindelijk zullen dergelijke behandelingen de prognose van boezemfi.bril
leren mogelijk kunnen verbeteren. 
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En nu is het zover; mijn proefschrift is voltooid, het promotietraject 
afgesloten. Dit was nooit gelukt zonder de begeleiding, hulp en steun van veel 
mensen, die ik daar allemaal voor wil bedanken. Een aantal mensen wil ik in 
het bijzonder noemen. 

Allereerst mijn eerste promoter, pro£ dr. LC. van Gelder: beste 
Isabelle, ik herinner het me nog als de dag van gisteren dat ik als derdejaars 
geneeskundestudent bij je kwam met de vraag ofik onderzoek kon doen bij de 
cardiologie. Sindsdien heh ik me, dankzij jouw gedrevenheid, kennis en erva
ring, mogen ontwikkelen tot een zelfstandig onderzoeker. Tussen het harde 
werken door had je ook aandacht voor de persoon achter de promovendus; in 
goede tijden, waarbij onderwerpen als lekker biologisch eten en verbouwin
gen aan bod kwamen, maar ook in moeilijkere tijden. Ik wil je bedanken voor 
je steun en je enthousiasme en ik kijk uit naar onze verdere samenwerking. 

Mijn tweede promoter, prof. dr. DJ. van Veldhuisen: beste Dirk Jan, 
bedankt voor jouw heldere blik op mijn artikelen, waardoor ik beter tot de 
kern kon komen. De promotiebesprekingen met jou waren altijd zeer motive
rend en ik bewonder je onuitputtelijke enthousiasme voor onderzoek. 

Mijn co-promoter, dr. A.H. Maass: beste Alexander, hoewel het pas laat 
duidelijk werd dat je mijn co-promoter zou worden hebben we de laatste jaren 
veel met elkaar te maken gehad. Je was altijd bereid om me te helpen tussen je 
drukke bezigheden door, van het aanleren van echometingen tot het adviseren 
over welke biomarkers te onderzoeken. Ik verbaas me telkens opnieuw over 
jouw disciplineoverschrijdende kennis op medisch-inhoudelijk maar ook op 
onderzoeksgebied. Zonder jouw bijdrage was ik nooit zo ver gekomen met 
mijn proefschrift, waarvoor dank. 

De leden van de beoordelingscommissie, pro£ dr. H.J.G.M. Crijns, pro£ 
dr. U. Schotten en prof. dr. WH. van Gilst wil ik bedanken voor het kritisch 
doorlezen van mijn proefschrift. 

Pro£ dr. M.P. van den Berg, beste Maarten, ik wil je bedanken voor het in 
mij gestelde vertrouwen en de mogelijkheid die je me hebt geboden om mijn 
wens om cardioloog te worden in vervulling te laten gaan. Dr. WM.T. Janssen 
wil ik bedanken voor de mogelijkheid de interne vooropleiding te volgen in 
het Martiniziekenhuis in Groningen. 

Uiteraard wil ik alle co-auteurs van mijn artikelen bedanken voor hun bij
drage aan dit proefschrift. Daarnaast wil ik een aantal mensen noemen met 
wie ik gedurende mijn onderzoeks- en promotietijd te maken heh gehad maar 
die misschien niet altijd tot dit proefschrift te herleiden zijn. Dr. P.F.H.M. van 
Dessel, beste Pascal, jewas mijn begeleidertijdens mijn wetenschappelijke stage 
over rechterkamer-pacen. Ik heh onze samenwerking altijd als zeer plezierig en 
leerzaam ervaren, waarvoor dank. Dr. P.P. van Geel, beste Peter Paul, ik mocht 
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mijn keuzeco-schap cardiologie hij jou op de afdeling doen. Ik heh veel van 
je geleerd, hedankt voor je prettige hegeleiding. Dr. B.A. Schoonderwoerd, 
heste Bas, jou wil ik hedanken voor de jaren dat je mijn supervisor was op de 
poli. Dr. W Nieuwland, heste Wyhe, het is lang geleden dat je me aanspoorde 
om te solliciteren voor de opleiding cardiologie. Je heht me toen over de 
streep gehaald om dat in een vroeg stadium te doen, waarvoor dank. Dr. J.D. 
Lefrandt, heste Joop, hedankt voor het aanreiken van hypertensiepatienten 
voor ons nag lopend onderzoek. Prof. dr. A.A. Voors, heste Adriaan, ik wil je, 
als hoofd van de echokamer, hedanken voor de medewerking ten aanzien van 
de vele echo's die verricht zijn voor mijn onderzoek. Prof. dr. H.H. Hillege, 
heste Hans, hedankt voor je hulp en adviezen ten aanzien van statistiek voor 
mijn artikelen en voor verscheidene suhsidieaanvragen. Dankzij jou heh ik een 
nieuw en voor mij indrukwekkend woord geleerd: "hootstrappen". 

De afgelopen jaren heh ik meer gedaan dan promoveren alleen, wat hete
kent dat ik met veel medewerkers hinnen en huiten het Thoraxcentrum te 
maken heh gehad. De verpleging op C 1 VA en de secretaresses Bauk en Gea wil 
ik hedanken voor hun ondersteuning bij de cardioversies. De Cl VA NP-ers 
Han, Hans en Lydia: bedankt voor de gezelligheid op C 1 VA en natuurlijk ook 
voor het overnemen van de cardioversies. De dames van cluster A, Antoinette, 
Agnes, Didie, Hayat, Anne en Jolanda wil ik bedanken voor hun hulp en flexi
biliteit op de poli. De pacemakerkamer Meint, Henk, Hanny, Pieter, Dick, 
Esther en Henk: bedankt voor de plezierige samenwerking en behulpzaam
heid bij de device-studies. De "I CD-planning" secretaresses, Diane, Esther en 
Liesje wil ik bedanken voor hun hulp ten aanzien van de planning van device
studiekandidaten. De "thorax-okplanning" Stefanie en Anneke, en Marieke 
van B2VA wil ik bedanken voor hun inzet om de chirurgische PVI's goed te 
laten verlopen. De Holter-kamer, Jaap,Joke, Tallien, Carien,Jeanet, Hendrina 
en Patricia: bedankt voor alle Holter-analyses van m'n polipatienten en ook 
bedankt voor jullie inzet ten aanzien van de looprecorders, "credit-cards" en 
7-daagse Holters voor de verschillende studies. De medewerkers van de echo
kamer en vooral Johan, Yoran, en Anke wil ik bedanken voor hun hulp ten 
aanzien van het inplannen en verrichten van de vele echo's in het kader van de 
patientenzorg maar ook in het kader van de verscheidene studies. De TCC, en 
vooral Myke enJanneke wil ik bedanken voor hun enthousiaste en onmisbare 
hulp bij de Race 3 studie. 

De ritmestudies zouden niet mogelijk zijn geweest zonder de ondersteu
ning van het team rondom de cardioresearch: Carla, Anja, Trienke, Margriet, 
Peter, Geert en Karin. Bedankt voor al jullie hulp. Carlien en Greetje; als aan
vulling op het ritmeteam hebben jullie veel werk uit mijn handen genomen. 
Zo hoefde ik zelf niet meer wekelijks de "dungeons" van het ziekenhuis te 
bezoeken . . .  Heel veel dank hiervoor. 
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De medewerkers van het laboratorium, en met name Henk Breukelman, 
Anneke Muller Kobold, Jan Koerts en Eduard Heine wil ik bedanken voor 
hun inspanningen ten aanzien van de biomarkeranalyses. Van de experimen
tele cardiologie wil ik Anne-Margreet en Silke bedanken voor de bewerkelijke 
apelin-analyses, die tot hypothesegenererende resultaten hebben geleid maar 
helaas niet allemaal terug te zien zijn in dit proefschrift. 

Bureau A&A wil ik apart noemen: Alma en Audrey, de vaste rotsen in de 
branding op de 4e etage. Ondanks jullie drukke werkzaamheden zijn jullie 
altijd in voor een gezellig praatje en ook nog 'ns bereid om van alles voor me te 
regelen, zelfs nu ik in het Martiniziekenhuis zit. Bedankt voor jullie onuitput
telijke en enthousiaste behulpzaamheid. 

Een belangrijk onderdeel van het promotietraject bestond uit de directe 
collega's. Met plezier denk ik terug aan de wekelijkse bezoeken aan het 
Feithhuis met soms wel heel indrukwekkende eindrekeningen, de uitjes 
georganiseerd door de feestcomrnissie, de colarondjes, langzamerhand uit
gebreid tot cola-spa-drop-chips-chocola-rondjes, de taartsessies en de regels 
vanaf welke impactfactor zelf taart te moeten bakken, de "kroket-days" ( voor 
rnij wel de vega-versie), de after-lunch filmpjes, de eindeloze discussies over 
niets, de bezoeken aan buitenlandse congressen, de altijd-weer-een-reden-om
op-bubbels-te-trakteren-momenten . . .  Zoveel om op te noemen zodat ik me 
kan voorstellen dat men zich zal afvragen hoe het ons iiberhaupt lukt om te 
promoveren. Maar juist dankzij jullie kan ik zeggen dat het een geslaagd pro
motietraject was. In het bijzonder wil ik de "ritmekamer" noemen met wie ik 
het !angst heb samengewerkt. Beste Sheba, Sandra en Bart, ondanks dat we 
elkaar soms bijna letterlijk op de lip zaten in het Poortgebouw en ook later in 
het Triadegebouw heb ik met heel veel plezier met jullie samengewerkt. Ik zal 
de fantastische en telkens opnieuw verrassende decoraties die ik kon aantref
fen rondom rnijn werkplek als ik een tijdje weg was geweest nooit vergeten. 
Ook de andere directe collega's mogen niet ontbreken. Dankzij rnijn vroege 
start met onderzoek bij de cardiologie heb ik Greenhouse versies 1 en 2 en 
de Unhappy Triad allemaal mogen meemaken, met een lange lijst met namen 
als gevolg . . .  Anne, Willem-Peter, Liza, Jardi, Suzan, Caroline, Jan-Pieter, 
Marjolein, Ali, Lennaert, Kevin, Daan, Jasper, Pieter, Lieuwe, Matthijs, Pieter
Jan, Youlan, Marthe, Wouter, Chris, Marieke, Karim, Mirjam, Ismael, Rob, 
Frank, Nicolas, Renee, Martin, Michie!, Meint, Walter, Lucas, Wim, Rik, Tone, 
Christiane,Jessica, Bas, Tom, Pim, Erik, Peter, Patrick en Anne-Chris: bedankt 
voor de gezellige tijd. 

En clan kom ik toe aan mijn paranimfen. Beste Hessel, van alle collega's 
heb ik met jou het meest intensief samengewerkt, zittend zij aan zij aan onze 
bureaus met het door ons zo gewaardeerde uitzicht op de boom en de luchten 
boven de faculteit. De afgelopen jaren hebben wij op de werkplek lief en leed 
gedeeld. En als ik weer om een of andere reden geen poli kon doen of geen car
dioversies kon verrichten omdat m'n hand in het gips zat, kon ik op je rekenen, 

Dankwoord 177 



waarvoor dank. 1k hen er trots op <lat je mijn paranimf wilt zijn, en ik kijk uit 
naar de voortzetting van onze samenwerking in de kliniek, en wie weet in de 
verdere toekomst in de electrofysiologie. Tussendoor kunnen we gelukkig nog 
steeds regelmatig bijkletsen tijdens het hardlopen, samen met Froukje. 

Beste Marike, je weet <lat het voor mij een moeilijke keuze is geweest om 
een paranimf te kiezen onder rnijn vriendinnen. Maar ineens wist ik <lat ik jou 
zou vragen, en dat was niet omdat je er het afgelopen jaar zo vaak naar had 
gesolliciteerd! Je reactie was zo enthousiast, en het is clan ook ontzettend leuk 
om samen met jou naar deze dag toe te leven. Al die tijd gedurende mijn pro
motietraject hen je ge'interesseerd en meelevend geweest in rnijn dagelijkse 
beslommeringen, waarvoor ik je wil bedanken. Ik bewonder je optimistisch 
realistische kijk op de wereld en ik vind het echt een eer <lat je mijn paranimf 
wilt zijn ondanks je drukke leven samen metJurre en je zoontje Thijn. 

Het leven bestaat niet alleen uit werken, en gelukkig word ik daar aan 
herinnerd door mijn vrienden. Rianne, Lizet, Marleen, Esme, Kirsten, Kirstin, 
Christina, Karin, Welmoed, Suzanne, Sander, Sofie, Niels, Mylene, Aukje, 
Janneke, Laura, Deirdre, en ook jullie partners: deze mijlpaal vier ik heel graag 
met jullie, ook al kunnen jullie er niet allemaal bij zijn vandaag. 1k kan jullie 
niet genoeg bedanken voor jullie vriendschap, steun, en eindeloze geduld. 

Familie mag natuurlijk ook niet ontbreken in dit dankwoord. Beste Bennie 
en Reggie, bedankt dat jullie de afgelopen jaren zo meelevend zijn geweest. 
Ook wil ik Mi chi el en Sylvia, en Karsten en Hele en bedanken. Maar nooit was 
ik zo ver gekomen zonder mijn ouders. Lieve papa en mama, jullie hebben mij 
altijd onvoorwaardelijk gesteund in mijn keuzes. Het werd niet de voor jul
lie bekende wereld van drillingvloeistoffen, putboringen en ja-knikkers, maar 
juist de onbegrijpelijke wereld van bloed, catheterablaties en pacemakers. 
Jullie hebben het voor mij mogelijk gemaakt om mijn ambities na te jagen. 
Bedankt voor alles. 

Lieve Dion, van iedereen in dit dankwoord heh jij het wel het zwaarst te 
verduren gehad. Jij bent het geweest die me uit de diepste dalen heeft gehaald 
en me weer meetrok om de successen te vieren. En ook tijdens de laatste fase 
van het promoveren, die samenviel met een drukke periode rondom de ver
bouwing van onze nieuwe rijtjesvilla, stond je weer voor me klaar. Bedankt 
voor je geduld, steun, enthousiasme, en voor je onuitputtelijke liefde. En nu 
gaan we volop genieten van elkaar in ons nieuwe huis met, jaja, de bijbe
horende boom en ons lieve grijze beestje. 
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