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PART III
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CHAPTER 8
RHYTHM CONTROL FOR ATRIAL FIBRILLATION:

WHERE DO WE STAND AND WHAT CAN BE EXPECTED
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Over the last decade, our understanding of the mechanisms behind and treatment of 
atrial fi brillation have evolved rapidly, although many questions remain, especially in the 
individual patient.1 Atrial fi brillation remains a major therapeutic challenge. Th e goals of 
atrial fi brillation therapy are threefold: reduction of atrial fi brillation associated symptoms, 
ventricular rate control preventing heart failure and tachy-mediated cardiomyopathy, and 
prevention of thromboembolic events. Th e two mainstay therapeutic approaches are rate 
control, involving acceptance of the arrhythmia and the institution of ventricular rate control, 
and rhythm control, aiming at the restoration and maintenance of sinus rhythm. In both 
strategies prevention of thromboembolic complications is an additional goal. Th e outcome of 
these interventions were extensively studied in the AFFIRM and RACE studies.2, 3  Th e general 
consensus is that the two strategies are essentially equivalent with respect to the risk-benefi t 
ratio for the majority of patients with persistent atrial fi brillation. In certain patients, however, 
rate control therapy may be preferable. In (nearly) asymptomatic patients with persistent 
atrial fi brillation and elderly, rate control combined with adequate anticoagulation, is now 
the accepted primary treatment option. On the other hand, severely symptomatic patients 
were systematically excluded in these trials. It seems that especially for these patients rhythm 
control is fi rst choice therapy, more than ever since non-pharmacological rhythm control 
approaches are rapidly evolving (Table 1).  Another group of patients that may benefi t from 
permanent sinus rhythm are those who have atrial fi brillation in the setting of heart failure. 
Th e latter were also not included in the rate versus rhythm control trials. Currently, in the 
Atrial Fibrillation and Congestive Heart Failure (AF-CHF) trial, these treatment strategies are 
studied in heart failure patients.4 Results are expected by the end of this year.

In the previous chapters we evaluated both pharmacological and non-pharmacological 
rhythm control strategies aiming to contribute to the development of an optimal rhythm 
control strategy. In the following sections the results of these studies are discussed and 
compared with other (recent) studies aimed to enhance rhythm control of atrial fi brillation. 
Furthermore, future developments are discussed.
Table 1. Indications for rhythm control of atrial fi brillation.

Indications for Rhythm Control

First episode of atrial fi brillation

Symptomatic paroxysmal or persistent atrial fi brillation 

Younger patients (age < 65 years)

Reversible tachycardiomyopathy

Inappropriate control of heart rate during atrial fi brillation

(Chronic) heart failure?
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I   PHARMACOLOGICAL RHYTHM CONTROL THERAPY

With the conventional rhythm control strategy of (electrical) cardioversion and antiarrhythmic 
drugs, long-term maintenance of sinus rhythm is cumbersome. Besides underlying disease, 
the type and duration of atrial fi brillation also determine the intractability of atrial fi brillation 
as over time atrial electrical, contractile and structural remodelling develops and also may 
already have developed during the disease before the fi rst episode of atrial fi brillation ever. 

I-A      Antiarrhythmic eff ect of calcium channel blockade as adjunct to antiarrhythmic drugs 
in a serial cardioversion strategy including early repeated cardioversion
1. Antiarrhythmic eff ect of calcium channel blockade. In chapter 2 we investigated whether 
prevention of intracellular calcium overload by verapamil in a serial cardioversion strategy, 
would decrease intractability of persistent atrial fi brillation counteracting the remodeling 
processes and thereby improve long term sinus rhythm maintenance. Although eff ective 
if prescribed in combination with antiarrhythmic drugs, 5-7 verapamil monotherapy seems 
ineff ective to prevent subacute recurrences.8, 9 Th e discrepancy with experimental data may 
relate to the fact that in patients almost always calcium lowering treatment is started aft er start of 
atrial fi brillation.10 Our study, the VERapamil versus DIgoxin and acute versus routine serial 
Cardioversion Trial (VERDICT), included continuation of verapamil during the study, and 
repeated cardioversion and eventually the institution of class III antiarrhythmic drugs (sotalol 
and amiodarone) in case of recurrent atrial fi brillation. However, aft er 18 months of follow 
up atrial fi brillation was accepted in 28% versus 36% of the verapamil versus digoxin treated 
patients, respectively (p = 0.33, Figure 1), despite more electrical cardioversions (ECVs) 
in the digoxin group. At the end of follow up there were also no signifi cant diff erences in 
antiarrhythmic drug use: 17% versus 10% of patients in the digoxin versus verapamil group 
used sotalol, and 44% versus 34% in the digoxin versus verapamil groups were treated with 
amiodarone. Th ese results are (about) comparable with a previous serial cardioversion study 
performed in our hospital.11 In this study 127 patients, with either persistent atrial fi brillation 
(81%) or atrial fl utter (19%), median arrhythmia history of 6 months and underlying (heart) 
disease in 83% (coronary artery disease 24%, aortic/mitral valve disease 58% and hypertension 
16%), were were included. Aft er the fi rst ECV patients received fl ecaïnide (stage I) and in 
case of recurrence of atrial fi brillation patients switched to sotalol (stage II) and eventually 
amiodarone (stage III). Th e cumulative 2-year arrhythmia free survival was 63% aft er a mean 
of 2 ECVs and 42% of patients treated with sotalol and 27% with amiodarone (Figure 2). 
Unfortunately, the strategy with verapamil in the VERDICT trial did not result in a benefi cial 
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eff ect on long term sinus rhythm maintenance, also not for the occurrence of IRAF, as has 
previously been described.12 Th ere are several explanations for this disappointing result. First, 
in order to obtain adequate rate control, in 60% of the patients randomized to digoxin a 
beta-blocker was added. Beta-blockers also lower intracellular calcium and may thus have 
ameliorated outcome in the digoxin arm. On the other hand, Bertaglia et al. observed that 
pretreatment with verapamil and amiodarone prevented electrical remodeling, whereas 
the combination of metoprolol and amiodarone only accelerated recovery of electrical 
remodelling.13 Second, recurrent episodes of atrial fi brillation during the study may have 
impacted the remodeling process as well, and subsequently have diminished the chance for 
calcium lowering therapy to evoke its protective eff ects.14 In line with this, Tieleman et al. 
showed in the MEDCAR study that fl ecainide may recover its antiarrhythmic conversion 
effi  cacy aft er cardioversion of atrial fi brillation, but only if atrial fi brillation relapses last < 10 
hours aft er sinus rhythm has lasted for more than 4 days.15

Figure 1. Freedom from permanent atrial fi brillation (AF)  in digoxin versus verapamil treated patients in the VERDICT 
study. (Adapted from Hemels et al. JACC 2006, with permission) 16
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Finally, structural remodeling may have been too severe to be restorable at all. 
Th e previously described profi brillatory eff ects of verapamil,17 however, were not observed. 
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compared with those treated with digoxin. Multivariate analysis showed that patients treated 
with digoxin as monotherapy more frequently relapsed into permanent atrial fi brillation. So, 
we concluded that the role of calcium lowering drugs in preventing atrial fi brillation induced 
remodeling in clinical practice, which in the recent past has been much emphasized, is at least 
arguable. Nevertheless, our study shows that digoxin should not be instituted as monotherapy 
in patients in whom rhythm control is therapy of choice. 

Figure 2. Actuarial 2-year arrhythmia free-survival during the separate treatment stages (stage I with fl ecaïnide, stage 
II with sotalol and stage III with amiodarone. (Adapted from Crijns et al. AJC 1991, with permission)11

     

2. Early repeated cardioversion. In the VERDICT trial (chapter 2) we also investigated 
whether an acute serial cardioversion strategy could enhance long-term maintenance of sinus 
rhythm. Th eoretically, an acute cardioversion strategy may, by enhancing and consolidating 
reversed remodeling, improve arrhythmia outcome in persistent atrial fi brillation managed 
with serial cardioversions.15, 18-20 Unfortunately this study did not show any advantage of an 
acute serial cardioversion strategy on long term maintenance of sinus rhythm in patients with 
persistent atrial fi brillation. Aft er 18 months no diff erence in permanent atrial fi brillation 
between both groups was observed, despite more ECVs in the acute versus routine group. 
Similar to our study, Fynn et al. designed an early repeated internal ECV strategy to support 
recovery from electrical remodeling and to reduce subsequent atrial fi brillation recurrences.21 
Although they could demonstrate reversal of electrical remodeling, no benefi cial eff ect on 
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maintenance of sinus rhythm was observed, comparable to our fi ndings. What is the reason 
of failure of early repeated cardioversion to improve rhythm control therapy in daily clinical 
practice? First, time to repeated cardioversion may have been too long. Even though repeated 
cardioversions were performed within 24 hours in the majority of the patients in both studies 
aft er the fi rst and second re-ECV, that may not have been early enough to succeed such a 
strategy. Th e delay, in part, was caused by the occurrence of shock failure and/ or IRAF 
necessitating amiodarone loading, and the (ultimate) refusal of repeated ECV. Second, as 
previously mentioned, the time in sinus rhythm aft er the fi rst, second and third cardioversion 
may not have been long enough to overcome remodeling. Th ird, other factor(s), e.g. structural 
remodeling, may be present that require a stronger antiarrhythmic eff ect to overcome relapses 
of atrial fi brillation.22, 23 Recent experimental data further substantiated the importance of 
other factor(s) for the persistence of atrial fi brillation than electrical remodeling alone. 
Todd et al. demonstrated that sequential 4-week periods of maintained atrial fi brillation 
with in between 2 days of sinus rhythm, increased atrial fi brillation stability and inducibility 
independent of the baseline atrial eff ective refractory period.14 Th e latter suggests that despite 
acute cardioversions consecutive episodes of atrial fi brillation cumulatively may increase the 
degree of remodeling prohibiting complete reversal of (structural) remodeling. 

In accordance with previous defi brillator studies the value of early cardioversion in 
clinical practice remains very uncertain.24-26  In these studies the occurrence of IRAF was a 
problem as well. Th e atrioverter study, designed to provide early detection and cardioversion in 
patients to the immediate benefi ts of sinus rhythm, proved to reduce atrial fi brillation burden 
in patients with recurrent persistent atrial fi brillation without structural heart disease.24, 25 
Although this seems promising, also in this study the occurrence of IRAF was cumbersome 
and the actual defi brillation shock appeared to be rather discomforting, which limits general 
use.24-26  In addition, in patients with an impaired left  ventricular systolic function and/or 
suff ering from ventricular tachycardia treated with an internal cardioverter defi brillator (ICD), 
acute cardioversion or termination by antitachycardia pacing of atrial tachyarrhythmias did 
not result in a signifi cant atrial fi brillation burden reduction nor in a reduction of ventricular 
tachyarrhythmias.27-30 

In sum, despite intensive rhythm control monitoring and prompt treatment of 
recurrence of atrial fi brillation in the VERDICT trial, this did not result in clinically relevant 
rhythm control improvement. In general, early repeated cardioversion alone seems not 
a feasible approach for patients with recurrent persistent atrial fi brillation, also taking the 
studies of Todd and colleagues into account.14 Future research should focus on optimizing 
early treatment of correctable underlying arrhythmogenic conditions and on mechanisms 
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that mediate the remodeling processes in the individual patient, in order to improve 
pharmacological rhythm control therapy.

I-B   Outcome of a serial cardioversion strategy in patients with atrial fi brillation and
chronic heart failure 
Cardioversion therapy is still considered as fi rst line treatment in patients with symptoms 
as a consequence of persistent atrial fi brillation. Whether this also holds for patients with 
concomitant chronic heart failure is at present unknown. In patients with atrial fi brillation 
in the setting of chronic heart failure sinus rhythm may be even more preferred as atrial 
fi brillation may deteriorate prognosis.31-33 Th e outcome of a serial cardioversion approach is 
even less favorable in patients with chronic heart failure, but the exact cause in unknown. 
It may be due to more severe atrial structural remodeling and a lower effi  cacy and safety of 
antiarrhythmic drugs. 34-36 

In chapter 3 we investigated outcome of a serial cardioversion strategy for new-onset 
persistent atrial fi brillation in patients with systolic heart failure (left  ventricular ejection 
fraction (LVEF) <0.40) compared to a (control) group of patients with a normal left  ventricular 
systolic function, who were all treated according to our serial cardioversion protocol.3, 37 Th e 
primary endpoint was permanent atrial fi brillation at 18 months of follow-up. A total of 
112 consecutive patients, 64 with and 48 without heart failure were included. Half of the 
heart failure group suff ered from ischemic heart failure, and in the non-heart failure group 
hypertension was the main underlying heart disease (40% of patients). Moreover, in 40% of 
the non-heart failure group there was no apparent underlying heart disease. First electrical 
cardioversion was equally successful, 86% and 87% of heart failure and non-heart failure 
patients, respectively (p=NS). More interestingly, the recurrence pattern of atrial fi brillation 
aft er the fi rst electrical cardioversion for new-onset persistent atrial fi brillation was similar 
for both groups (Figure 3). However, aft er 18 months of follow-up, atrial fi brillation was 
signifi cantly more oft en accepted in the heart failure patients 45% versus 29% of patients, 
respectively, p=0.03. In a substantial part of heart failure patients atrial fi brillation was accepted 
aft er the fi rst relapse of atrial fi brillation. Reasons for atrial fi brillation acceptation in the 
heart failure group were the presence of non-severely symptomatic recurrences (47%), patient 
refusal in (20%), non-cardiac comorbidity (20%), and contraindication for antiarrhythmic 
drug treatment (13%). Furthermore, rhythm control with serial cardioversions and serial 
institution of antiarrhythmic drugs was less oft en performed in heart failure patients (42% 
versus 71%, respectively, p<0.001). As a consequence, more electrical cardioversions were 
performed in the non-heart failure patients. In the patients undergoing a “true” serial electrical 
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cardioversion and antiarrhythmic drug strategy outcome was comparable. Atrial fi brillation 
was accepted in 22% (6 out of 27 patients) versus 35% (12 of 34 patients) of the heart failure 
versus non-heart failure patients (p=0.45). 

Figure 3. Freedom from any atrial fi brillation recurrence in heart failure (HF) versus non-heart failure (No HF) 
patients. (Adapted from Hemels et al. Europace 2007, with permission)38
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In our study outcome of a serial cardioversion strategy in patients with systolic 
heart failure and new-onset persistent atrial fi brillation was inferior compared to patients 
without systolic heart failure. It was already reported that rhythm control for patients with 
atrial fi brillation in the setting of heart failure is even more unsuccessful than in patients 
without heart failure.34 Previous studies reported maintenance of sinus rhythm between 38 
and 65% aft er a mean follow up between 12 and 40 months.35, 39-41 However, these studies 
were not specifi cally designed to study the eff ect of stringent rhythm control, and were not 
performed in patients with a fi rst episode of persistent atrial fi brillation of ‘recent’ onset. 
Our study suggests that this diff erence, at least in part, can be attributed to a less stringent 
serial cardioversion approach (less cardioversions and anti-arrhythmic drugs) in the heart 
failure patients, probably physicians do not believe in success. On the other hand, the reason 
to accept atrial fi brillation was mainly driven by (nearly) asymptomatic recurrences, which 
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obviously made further rhythm control treatment less attractive, especially when also the risk 
on proarrhythmia is considered in these patients.42-48 Interestingly however, the recurrence 
pattern of atrial fi brillation aft er electrical cardioversion for new-onset persistent atrial 
fi brillation and outcome of the subgroup of patients undergoing a “true” serial ECV and 
antiarrhythmic drug strategy was comparable between heart failure and non heart failure 
patients. Th is suggests that in heart failure patients a more stringent serial cardioversion 
approach, in addition to optimal pharmacological heart failure treatment, may be a way to 
improve rhythm control. Data of the AF-CHF trial will increase or knowledge on the value of 
rhythm control in chronic heart failure patients.4 

At present, given the fact that there is still no evidence that sinus rhythm improves 
prognosis in heart failure patients, it is reasonable to institute rate control in asymptomatic 
patients. Th e impact of the development of atrial fi brillation on mortality in patients with 
chronic heart failure remains a subject of debate. Some studies showed no prognostic 
signifi cance of atrial fi brillation development in these patients,49-52 while others showed 
a signifi cant association with increased mortality.53-55 In a substudy of the DIAMOND 
(Dofetilide in heart failure) study Pedersen et al suggested that that restoration of sinus rhythm 
is associated with improved survival.56 Especially in patients with ischemic heart disease, atrial 
fi brillation resulted in increased mortality during follow-up. An other important current 
issue is the presence of heart failure with preserved ejection fraction.57-59 Recent data of the 
CHARM (Candasartan in heart failure) study suggest that atrial fi brillation predicts a high 
risk of cardiovascular morbidity and mortality regardless of baseline left  ventricular ejection 
fraction, and, conversely, that atrial fi brillation is associated with greater relative increased 
risk of the major outcomes in patients with a preserved left  ventricular systolic function than 
in patients with a low left  ventricular ejection fraction.57 Other, large population based, studies 
support these results, and show the increasing prevalence of heart failure with preserved 
ejection fraction.58, 59 

Current knowledge about the eff ect of atrial fi brillation in heart failure patients and 
what treatment strategy is best remains controversial. Clearly, future trials should defi ne 
which treatment strategy is best in patients with heart failure. In this context, the development 
of new, safer antiarrhythmic drugs, and probably also atrial catheter ablation, could have a 
major impact on rhythm control in (subgroups of) heart failure patients. 
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I-C   Future directions in pharmacological rhythm control
Currently, rhythm control is hindered by the limitations of existing anti-arrhythmic drugs, 
either due to ineff ectiveness or intolerable side eff ects. Future research, aiming to enhance 
pharmacological rhythm control may be threefold: 1. optimization of current antiarrhythmic 
drug use and developing new drugs, 2. prevention by identifi cation of markers that predict 
future atrial fi brillation, and 3. treatment as early as possible. Th e growing knowledge on 
specifi c mechanisms of atrial fi brillation, including genetic aspects of atrial fi brillation, will be 
of help in the development of safer and more eff ective pharmacological agents to restore and 
maintain sinus rhythm in selected patients.

1a. New strategies with (class I-IV) antiarrhythmic drugs. In the fi rst place, research should be 
done aimed at improving rhythm control with the currently available and new anti-arrhythmic 
drugs. Improving rhythm control with the currently available drugs includes pretreatment in 
order to ameliorate ECV-outcome in case of persistent atrial fi brillation and episodic instead 
of chronic antiarrhythmic drug institution (Table 2). All class I-III antiarrhythmic drugs are 
equally eff ective, but amiodarone is the best.60-64 Although amiodarone may cause serious 
non-cardiac complications,47 amiodarone does seldom provoke pro-arrhythmia. Ideally, 
amiodarone should be only used episodically to treat atrial fi brillation recurrences and 
thereby reducing the risk of long-term toxicity. Currently, this is investigated in a randomized 
setting in the CONVERT-NHF study (Continuous versus Episodic Prophylactic Treatment 
with Oral Amiodarone for the Prevention of Permanent Atrial Fibrillation: a Randomized 
Study on Morbidity and Quality of Life, supported by the Netherlands Heart Foundation). Th e 
hypothesis is that episodic amiodarone treatment (i.e. amiodarone treatment 1 month prior 
until 1 month aft er cardioversion) is associated with a lower morbidity and a higher quality 
of life compared to continuous prophylactic amiodarone treatment, while atrial fi brillation 
is still eff ectively suppressed. Results are expected this year. In a globally comparable design, 
fl ecainide is currently investigated in the Flecainide Short-Long (Flec-SL) trial  for its effi  cacy 
when used episodically in selected patients with atrial fi brillation.65 In a parallel group, 
randomized, multicenter, open, blinded end point analysis design study the hypothesis is 
tested that fl ecanide-treatment until 4 weeks aft er cardioversion is not inferior to standard 
long-term antiarrhythmic drug therapy for the prevention of recurrent atrial fi brillation 
aft er cardioversion. Carvedilol is a non-selective adrenergic blocker with anti-infl ammatory, 
antioxidant, and multiple cationic channel blocking properties, and thereby generated interest 
in its use as a prophylaxis for postoperative atrial fi brillation.66, 67 
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Table 2. Pharmacological rhythm control of atrial fi brillation – new drug development and strategies.

Strategy Clinical implementations
Further drug development Optimizing the use of available class I-IV antiarrhythmic drugs:

        - CONVERT-NHF (amiodarone, class III)*.        
   - Flec-SL trial (fl ecainide, class Ic)*, 
    - Tailored approach e.g. “Pill-in-the-pocket” strategy

               *episodic versus continuous use.
New ion-channel blocking drugs:

 - Dronedarone (class III) and dronedarone analogues      
               (SSR149744C, ATI-2042).
           - Atrial selective class III drugs e.g. AZD7009,  

               Azimilide, Tertiapin, Ranozaline.
           - Na+Ca2+ exchanger inhibitors.

New non-channel blocking drugs: 
          - Gap junction modulators (ZP123/Rotigaptide)                 

 - Heat shock protein inducers (e.g. GGA)
  - 5HT4 receptor blockers (Piboserod)

    - Renine Angiotensin Aldosterone (RAAS) inhibitors.
  - Statins 

     - N-3 polyunsaturated fatty acids (fi sh oil).
New strategies - Life style instructions (e.g. recommend exercise, striving for weight loss, low salt 

diet and discourage excessive alcohol use and smoking)
- Early aggressive treatment of underlying (heart) disease known to cause atrial 
fi brillation (e.g. hypertension)
- Upstream therapy: Use of drugs that may prevent remodeling at an early stage

1b. New  ion-channel blocking drugs.  Several new agents to improve outcome of rhythm 
control are currently investigated. Drugs for atrial fi brillation should preferably act only in 
the atria, especially in remodeled atria. Table 2 gives an overview of some new potential 
antiarrhythmic agents for the treatment of atrial fi brillation. Dronedarone is a non-iodinated 
analogue of amiodarone with a less lipophylic character, but also multichannel blocking 
properties. It was hypothesized that this analogue of amiodarone would be eff ective in 
preventing atrial fi brillation, but with a low adverse event rate. Several trials, including  
the Dronedarone Atrial FibrillatioN study aft er Electrical cardioversion (DAFNE) trial, 
the EURopean trial In atrial fi brillation or fl utter patients receiving Dronedarone for the 
maIntenance of Sinus rhythm (EURIDIS), and the American-australian-african trial with 
DrOnedarone in atrial fi brillation/fl utter patients for the maIntenance of Sinus rhythm 
(ADONIS),  demonstrated its effi  cacy in prevention of atrial fi brillation recurrences in patients 
treated for persistent atrial fi brillation.68, 69 Although low proarrhythmic rates were found in 
DAFNE, EURIDIS and ADONIS, the increased risk of death in the ANDROMEDA trial raises 
safety concerns for patients with chronic heart failure and moderate to severe left  ventricular 
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dysfunction.69 Further studies are needed to better defi ne the safety profi le and place in therapy 
of dronedarone. In line with this, the ATHENA trial, a multinational, randomised, double-
blind trial evaluating the eff ects of dronedarone (400mg bid) compared with placebo, over a 
minimum 12-month follow-up period, in patients with atrial fi brillation or fl utter is currently 
underway.70 Meanwhile, also new analogues of dronedarone are developed (SSR149744CC 
and ATI-2042) and under investigation.70 
 A number of novel class III compounds now being developed may yield improvements 
in antiarrhythmic therapy (see also Table 2). Th ese drugs act by blocking multiple membrane 
ion channels, including the three delayed potassium rectifi er currents I(Kr), I(Ks), and I(Kur); 
the transient outward current I(to); and the fast sodium current I(Na).71, 72  Th ey are thought 
to have a favourable electrophysiological profi le, appear to act predominantly in the atria, and 
off er a low ventricular proarrhythmic potential.73-84  Such agents may provide more powerful 
tools for early intervention in atrial fi brillation. However, whether they indeed are eff ective 
and safe remains to be determined.
 AZD7009, a novel antiarrhythmic agent under development for treatment of atrial 
fi brillation, exhibits mixed potassium and sodium ion channel-blocking properties and 
exerts potent eff ects on atrial refractoriness.73, 75, 77, 85 In a randomized, double-blind, placebo-
controlled, parallel-group, phase II study AZD7009 exhibited dose-dependent eff ects in 
converting atrial fi brillation to sinus rhythm in patients with persistent atrial fi brillation and 
appeared to be associated with a low risk of proarrhythmia.85 Unfortunately, recently human 
studies have stopped, since this drug appeared to cause unexplained fever at eff ective doses. 
 Azimilide, a new class III antiarrhythmic drug blocking IKr and IKS, was compared to 
placebo and sotalol in a randomized setting in the A-COMET-II (Azimilide-CardiOversion 
MaintEnance Trial-II) trial.86 A total of 658 patients with symptomatic persistent atrial 
fi brillation were studied. Th is study demonstrated that the antiarrhythmic effi  cacy of azimilide 
is slightly superior to placebo but signifi cantly inferior to sotalol in patients with persistent 
atrial fi brillation. Th e modest antiarrhythmic effi  cacy and high rate of torsade de pointes and 
marked QTc prolongation limit azimilide utilization for the treatment of atrial fi brillation.86 
  
1c. New non-channel blocking drugs. New types of drugs, non-channel antiarrhythmic 
drugs, like gap junction modulators (ZP123),87 5HT4 receptor blockers (Piboserod),88 and 
Heat shock protein inducers (geranylgeranylacetone [GGA]), 89, 90  are new potentially valuable 
options for atrial fi brillation stabilization and may add to improvement of rhythm control.72 
Connexins (in particular Cx40, Cx43 and Cx45 in human) are gap-junction proteins which 
are responsible for normal impulse propagation in the heart (numbers represent molecular 
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mass in kDa, as predicted from cDNA sequences), and are also considered as a possible target 
of atrial stabilization.87, 91-93 For example ZP 123 (Rotigaptide), a specifi c connexin modulator, 
could act to prevent some forms of atrial fi brillation, as it has been reported to improve 
conduction in various atrial fi brillation models, but up to now atrial fi brillation suppression 
was only proved for the acute ischemia substrate.87, 93, 94 
 
1d. Antiarrhythmic eff ect of Renine-Angiotensin-Aldosterone System (RAAS) inhibitors. 
Angiotensin converting enzyme inhibitors and angiotensin receptor blockers have already 
demonstrated signifi cant eff ects in the treatment of underlying conditions preceding atrial 
fi brillation, 95-101   and combined with especially class III antiarrhythmic drugs, in the prevention 
of atrial fi brillation recurrences.96, 102, 103  One of the main questions is if there is a signifi cant 
indication for using angiotensin-converting enzyme inhibitors and angiotensin receptor 
blockers in the prevention of new-onset atrial fi brillation and to identify subpopulation(s) of 
atrial fi brillation patients who benefi t most. A meta-analysis of Anand and collegues pooled 
nine randomized controlled human trials (which included 72,469 patients) reporting the 
prevention of new-onset atrial fi brillation by inhibition of renin-angiotensin system.97, 100, 101, 

104-110 Mean follow up ranged from 6 months to 6.1 years, approximately 3.4 patient-years of 
follow-up. Th ey reported that patients with heart failure benefi ted most, 43% (95% confi dence 
interval 11%-63%) relative risk reduction in new-onset atrial fi brillation in patients with 
systolic heart failure. Th e use of angiotensin-converting enzyme inhibitors and angiotensin 
receptor blockers had an overall eff ect of 18% (95% confi dence interval 3%-30%) relative risk 
reduction in new-onset atrial fi brillation and 39% (95% confi dence interval 17%-54%)  for 
primary prevention of atrial fi brillation across the trials (Figure 4).104 
 An other meta-analysis performed by Healey and collegues was performed to identify 
all reports of randomized, controlled studies on the eff ect of angiotensin-converting enzyme 
inhibitors and angiotensin receptor blockers on the development of atrial fi brillation.111 
Th ey identifi ed a total of 11 trials (which included 56,308 patients): 4 in heart failure (10,319 
patients), 3 in hypertension (26,403 patients), 2 in patients following cardioversion for atrial 
fi brillation (299 patients), and 2 in patients following myocardial infarction (17,711 patients 
and 1,577 patients).  Mean follow up ranged from 2.9 months to 6.1 years. Overall relative 
risk reduction of atrial fi brillation was 28% (95% confi dence interval 15%-40%), but this 
benefi t appeared to be most clearly seen in patients with systolic left  ventricular dysfunction 
or left  ventricular hypertrophy. Th e use of these drugs following cardioversion appeared to be 
promising but requires further study (relative risk reduction 48%, 95% confi dence interval 
21%-65%).111 Meanwhile, new prospective trials are underway, including the ONgoing 
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Telmisartan Alone and in combination with Ramipril Global Endpoint Trial/Telmisartan 
Randomized AssessmeNt Study in ACE iNtolerant subjects with cardiovascular Disease 
(ONTARGET/TRANSCEND),112 and the Gruppo Italiano per lo Studio della Sopravvivenza 
nell’Infarto miocardico Atrial Fibrillation (GISSI-AF) trials.113 For sure, these trials will 
substantially contribute to our knowledge in distinguishing which patients benefi t most by 
treatment of angiotensin converting enzyme inhibitors and angiotensin receptor blockers in 
the prevention of atrial fi brillation.

Figure 4. Forest plot and risk ratio (95% confi dence interval [CI]) of individual trial and summary pooled estimate of 
randomized human trials reporting the prevention of new-onset atrial fi brillation.  (Adapted from Anand et al. Am 
Heart J 2006, with permission)104

Another mechanism by which angiotensin II may lead to fi brosis is via the production 
of aldosterone. Experimentally, mineralocorticoid-induced cardiac fi brosis and infl ammation 
can be prevented but also reversed by eplerenone.114, 115 In an in vivo study, eplerenone appeared 
to suppress the inducibility of sustained atrial tachyarrhythmias, selectively prolonged the 
atrial eff ective refractory period, and attenuated left  ventricular diastolic remodeling in 
dogs with right ventricular pacing-induced congestive heart failure.115 In the randomized 
aldactone evaluation study (RALES) study 2 serum markers of fi brosis, procollagen type I 
carboxy-terminal peptide (PINP) and procollagen type III amino-terminal peptide (PIIINP), 
signifi cantly decreased with spironolactone treatment in patients with (nonischemic) chronic 
heart failure.116 Th ese results suggest that the specifi c blockade of aldosterone receptors in 
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patients with atrial fi brillation may have (specifi c) antiarrhythmic eff ects. However, this has 
not been investigated so far in patients.

1e. Antiarrhythmic eff ects of statins. At present, statins are the most powerful lipid-
lowering drugs and have additional pleiotropic eff ects including attenuation of infl ammation 
and antioxidant eff ects.117, 118 Since there is evidence that enhanced oxidative stress and 
infl ammation are associated with (future development of) atrial fi brillation, statins may play 
a role in both the primary and secondary prevention of atrial fi brillation.119, 120 As shown in the 
introduction of this thesis two small studies reported decreased atrial fi brillation-recurrence 
rates aft er ECV when treated with statins,121, 122 whereas one small study found no eff ect on 
atrial fi brillation-recurrence rates.123 Th e group of Nattel showed in a tachypacing-induced 
heart failure model in dogs that statin use suppressed fi broblast proliferation and attenuated 
left -ventricular dysfunction.124 Th is important fi nding may contribute to the prevention of 
chronic heart failure induced, potentially arrhythmogenic, structural remodelling.119, 124  In 
human studies statins in combination with angiotensin-converting enzyme inhibitors given 
to patients with hypertension, resulted in a larger decline in heart size than treatment with 
an angiotensin-converting enzyme inhibitors alone.125 More randomized studies on the 
potential antiarrythmic role of statin treatment (alone or in combination with other drugs) in 
the prevention and treatment of human atrial fi brillation are needed, since the few currently 
available data mostly stem from retrospective or post hoc analyses. 

1f. Antiarrhythmic eff ects of N-3 polyunsaturated fatty acids (fi sh oil). Also N-3 
polyunsaturated fatty acids (PUFAs), of which oily fi sh are an important source, are believed 
to possess both anti-infl ammatory properties and antiarrhythmic eff ects and to have potential 
in the prevention and treatment of atrial fi brillation. Only few prospective studies have been 
published on the therapeutic use of fi sh oils in atrial fi brillation.126-128 Since up to now data are 
not convincing, N-3 polyunsaturated fatty acids are not an established treatment option.  

2. Prevention. Prevention of atrial fi brillation is the ultimate goal, which may require life style 
instructions (e.g. recommend exercise aimed at improving cardiovascular risk factors such as 
hypertension, striving for weigth loss i.e. reduction of obesity,  discourage excessive alcohol 
use and smoking), 129-136  although this is not evidence based. Furthermore, pharmacological 
treatment of the underlying diseases and factors, increasing the vulnerability of atrial 
fi brillation is of great importance (Table 2). As described in the introduction of this thesis 
atrial stretch due to haemodynamic overload as is the case with hypertension or heart failure, 
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thyroid function disturbances, and infl uences of the autonomic nervous system may lead to 
structural remodeling, promoting atrial fi brillation. Th eoretically, aggressive antihypertensive 
therapy, particularly with drugs targeting the renin–angiotensin system, represents one of 
several approaches to  prevent atrial fi brillation.132, 137 Th ere is a growing body of supporting 
evidence to suggest that such treatment can signifi cantly reduce the burden of atrial fi brillation. 
As hypertension induces structural remodeling of the atrial and ventricular myocardium, far 
before the fi rst episode of atrial fi brillation ever, early and aggressive blood pressure lowering 
treatment seems essential to prevent atrial fi brillation.138 Additionally, it may reduce the risk 
on stroke,139-141 possibly even more when angiotensin receptor blockers are instituted (Jikei 
Heart Study; LIFE, losartan for hypertension, study; and TROPHY, Trial of preventing 
hypertension), see also Figure 5.100, 137, 142-144  Although experimental data show promising 
results regarding prevention of structural remodelling by angiotensin converting enzyme 
inhibitors and angiotensin receptor blockers, and also statins,120, 145  randomized clinical trials 
have to be awaited.

3. Early treatment. Early intervention to limit the progression of atrial fi brillation seems 
essential to prevent atrial fi brillation-induced irreversible structural atrial damage.37, 146-150 In 
this context, optimal treatment of underlying conditions (modulating factors and triggers), and 
eventual change of life style remain essential.151 Although the VERDICT trial did not show any 
advantage of an acute serial cardioversion strategy in patients with persistent atrial fi brillation, 
in particular cases (e.g. severe symptoms, hemodynamic instability or inappropriate rate 
control during atrial fi brillation, or by preventing the need for anticoagulation), immediate 
cardioversion of atrial fi brillation is still appropriate. An other important recent issue in the 
pharmacological management, especially in patients with paroxysmal atrial fi brillation, in the 
“Pill-in-the-pocket” strategy.152  Th is strategy consists of the out-hospital self-administration 
of a single dose of an oral antiarrhytmic drug in case of a recurrence of atrial fi brillation. In a 
selected, risk-stratifi ed population of patients with atrial fi brillation, this strategy has proved 
to be an attractive, cost saving, and safe treatment option,152 aft er proven effi  cacy and safety 
in hospital.
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Figure 5. Kaplan-Meier curves illustrating new-onset electrocardiogram-verifi ed atrial fi brillation during follow-up 
treated in hypertensive patients treated with either losartan (n=4.298) or atenolol (n=4,182).CI=confi dence interval, 
HR=hazard ratio. (Adapted from Wachtell et al. JACC 2005, with permission)100

II   NON-PHARMACOLOGICAL RHYTHM CONTROL THERAPY

If patients remain highly symptomatic despite pharmacological rhythm control treatment, 
a non-pharmacological approach may be considered. In the last decade, several non-
pharmacological treatment modalities have been (further) developed, including the Cox’s 
maze surgery, pacing and atrial catheter ablation including pulmonary vein isolation. In this 
thesis we studied pacemaker treatment and (long term) outcome of Maze III surgery. Here 
these results are discussed and compared with the results of catheter ablation for the treatment 
of atrial fi brillation which, since 2007, is fi rst choice therapy if (severely) symptomatic 
patients fail on one class I or III antiarrhythmic drug.153 Finally, future directions of non-
pharmacological rhythm control for atrial fi brillation are discussed.

II-A   Pacing
Atrial based physiological pacing has proven its eff ectiveness in patients with 

bradyarrhythmias, especially in those with sinus node dysfunction, Figure 6.154 It is unknown, 
however, whether certain patients suff ering from paroxysmal or persistent atrial fi brillation 
without symptomatic bradyarrhythmias may also benefi t from pacemaker treatment. 
Moreover, novel pacemakers have several special algorithms implemented in order to prevent 
atrial fi brillation and are capable of measuring the AF burden (defi ned as the percentage 
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of time in atrial fi brillation detected by the device). We tested a new DDDRP pacemaker 
(AT500, Medtronic Inc., Minneapolis)  with several special algorithms implemented (see 
introduction) in order to prevent atrial fi brillation and which is capable of measuring the AF 
burden.155 Recently this pacemaker proved to be eff ective in preventing early recurrences of 
atrial fi brillation by atrial overdrive pacing (pacing just above the intrinsic heart rate), but did 
not reduce the AF burden.156

Figure 6. Eff ect of pacing mode (atrial versus ventricular) on the occurrence of atrial fi brillation, expressed as the 
Hazard Ratio (HR) and 95% confi dence interval (CI). HR< favors atrial-based pacing, the Cis that cross the 1.0 HR-line 
signify a non-signifi cant eff ect. (Adapted from Healey et al. Circulation 2005, with permission)154

In chapter 4 we studied the effi  cacy of atrial pacing at a lower rate of 70 pulses per 
minute (ppm) and the eventual use of additional atrial fi brillation prevention algorithms on 
AF burden in a group of 36 patients with symptomatic antiarrhythmic drug refractory (prior) 
paroxysmal atrial fi brillation.157 Atrial lead was placed in the right atrial appendage or right 
atrial lateral wall (ventricular lead in the right ventricular apex). Right atrial overdrive pacing 
was found to be successful (defi ned as a combination of (a) a reduction of atrial fi brillation 
burden > 75% with or without antiarrhythmic drugs, and (b) a total atrial fi brillation burden of 
5% or less per year, and (c) less than one electrical cardioversion per year) in 53% of patients. 
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However, an important limitation of this study is that there was no objective documentation 
of the AF burden in the month before pacemaker implantation. Th e patient-based estimated 
AF burden before pacemaker implantation may be underestimated because asymptomatic 
atrial fi brillation episodes were missed. On the other hand, compared with the baseline AF 
burden of patients included in the Features in AT500TM; Chances for patients with Episodes of 
atrial Tachyarrhythmia without bradycardia indication for pacing (FACET) study (chapter 5), 
it is more likely that the AF burden has signifi cantly been overestimated probably because of 
sinus tachycardia and the occurrence of either premature atrial or ventricular complexes. To 
investigate this in a more sophisticated way, we performed the FACET study, chapter 5 of this 
thesis. We hypothesized that in patients with antiarrhythmic drug refractory symptomatic ‘lone’  
paroxysmal atrial fi brillation or with mild hypertension without evidence for hypertensive 
heart disease, might benefi t most of pacemaker therapy (including antitachycardia pacing) in 
combination with antiarrhythmic drugs (hybrid therapy). Importantly, the pacemakers were 
programmed in the AAI mode to avoid ventricular pacing. Th e primary objective of FACET 
was to investigate to what extent atrial pacing with prevention and termination features 
of AT500TM compared to no treatment (AAI 34 ppm backup pacing) reduced AF burden 
in patients with documented symptomatic atrial fi brillation without bradyarrhythmias. 
Important secondary aims included the eff ect of atrial pacing compared to no treatment 
on atrial fi brillation related symptoms and quality of life. In the total group we observed a 
nonsignifi cant AF burden reduction, and in the subgroup of septal lead placement AF burden 
reduction was signifi cant (Figure 7). However, the patients’ quality of life and symptoms did 
not improve, which was also observed by Lau and colleagues in a study with dual-site atrial 
pacing.158 Th is may be related to the fact that AF burden reduction was statistically signifi cant, 
but not clincically relevant: AF burden was reduced but was clearly not completely abolished. 
Despite therapy, in more than half of the studied patients atrial fi brillation still occurred for 
approximately 30 minutes a day, which was obviously (partially) noticed by the patients. Th is 
issue is further discussed later (‘Improving symptoms and quality of life’). 
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Figure 7. Diff erence in median AF burden between no treatment (OFF period) and active treatment  (ON period), in 
all patients (n=38, panel A) and in the subgroup of septal paced patients (n=26, panel B) in the FACET study.
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An important issue in the FACET study was the place of atrial lead placement. Septal 
pacing, dual site right atrial pacing or biatrial pacing have been proven (both experimentally 
as clinically) to shorten total atrial activation time and reduce overall dispersion of atrial 
refractoriness.159-161 Moreover, several clinical studies suggested that atrial septal lead placement 
might be superior in preventing atrial fi brillation.162-166 Given the latter observations, in 
FACET atrial septal lead placement was chosen as the preferred place for atrial lead placement. 
Although it requires further study, pacing to prevent atrial fi brillation seems to be most 
eff ective if septal pacing is realized (Figure 7). Th is may have future signifi cance, probably 
also in heart failure patients treated with cardiac resynchronization as compensation for the 
long inter-atrial conduction delay. A drawback was the fact that in 32% of patients septal lead 

Figure 7A

Figure 7B
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placement failed either because no stable septal positioning could be reached or signifi cant 
far-fi eld R-wave sensing was present. Th ese problems have been reported more oft en, and 
imply further study to optimize the utilization of septal pacing in clinical practice.167, 168 Th e 
main limitation of this pilot study is the small sample size. Th is precludes defi nite conclusions. 
In addition, in studies like ours, AF burden is not normally distributed and usually shows a 
high spontaneous inter- and intra-patient variability, which has a negative impact on statistical 
power and impairs the ability to identify patients as responders or nonresponders.169, 170 Even 
patients with a very low AF burden were included, which may have further aff ected the 
outcome negatively. 

In sum, whereas a hybrid treatment of pacing and antiarrhythmic drugs seems to 
be a promising treatment option in selected patients with drug refractory atrial fi brillation 
and a pacemaker indication, up to now it remains questionable whether patients without 
bradyarrhythmias will benefi t. According to the present data and the proved benefi ts 
of catheter ablation for atrial fi brillation, given the higher chance of cure, pacing is not 
considered an established method to prevent or reduce atrial fi brillation, not withstanding its 
substantial contribution as an investigational tool. Currently, the Study of Atrial Fibrillation 
Reduction (SAFARI) is underway in which 546 patients with paroxysmal atrial fi brillation 
(and a conventional pacemaker indication) were included, aimed to refi ne our understanding 
of the role of pacing to prevent atrial fi brillation.171 Th e results are eagerly awaited.

II-B   Surgical treatment
Atrial arrhythmia surgery is a (fi nal) option for patients with highly symptomatic, drug 
refractory, lone atrial fi brillation, and patients with (mitral) valve disease or undergoing 
coronary artery bypass graft ing (CABG) suff ering from atrial fi brillation before surgery. In 
chapter 6 we demonstrated an excellent long-term outcome of Cox maze III surgery for the 
treatment of intractable lone atrial fi brillation. Aft er a mean follow-up of 4.8 years 86% of 
patients were free of atrial fi brillation, with only two of them (7%) on antiarrhythmic drugs. 
No atrial fi brillation recurrences were observed aft er 2 years of follow-up. Perioperative 
complication rate was acceptable without surgery related mortality. Th e outcome of our study 
compares favorable with other studies investigating the outcome of maze III surgery for 
lone atrial fi brillation. Th ese studies showed a complete success rate (free of antiarrhythmic 
drugs)  between 76% and 80% aft er a mean follow up of 2.6 – 5.8 years.172-174 In our study 
atrial sizes did not change signifi cantly aft er surgery, which has been described before in 
lone atrial fi brillation in patients aft er maze III surgery.175 Restoration of atrial contractile 
function occurred in almost all patients although complete recovery was found in only half 
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of the patients, which is also comparable with data of other studies.175-177  In this context, it 
is important to mention that we observed no thromboembolic complications, whereas in all 
patients without thromboembolic risk factors oral anticoagulant therapy was stopped within 
one year aft er the procedure. However, it remains a question if the same holds for those with 
stable sinus rhythm with risk factors for thromboembolic complications. Exercise capacity 
aft er surgery was within normal ranges in the majority of patients. Th is implies that despite 
extensive cardiac surgery the sinus node function remains intact. In particular chronotropic 
response to exercise was appropriate. However, two patients (7%) received a cardiac pacemaker 
for sinus node dysfunction postoperatively, which is a well known complication. At the end of 
follow up, quality of life scores were comparable to healthy control subjects which is similar 
to the results of Jessurun et al.172 Unfortunately, in our study we did not assess baseline 
quality of life. However, most patients affi  rmed, in retrospect, their initial choice for surgical 
intervention of atrial fi brillation and would recommend maze surgery to patients with equal 
complaints. Th is is, in our view, a very important fi nding (Table 3).178

Table 3. Results of the Cox maze III specifi c questionnaire with concise questions on the topic. (Adapted from Hemels 
et al. Ann Th orac Surg 2006, with permission)178

                      Yes               No             ?
1) In your opinion, do you have normal (sinus) rhythm at the moment? 21

78%

5

19%

1

2) Was it worth while to undergo the Cox maze III procedure? 20

74%

4

15%

3

3) Should the operation have been off ered to you at an earlier stage? 11

41%

7

26%

9

4) In retrospect, would you undergo the Cox maze III procedure again? 20

74%

4

15%

3

5) Would you recommend the Cox maze III procedure to an other patient 
with comparable complaints?

21

78%

3

11%

3

6) Has your need for (cardiovascular) medication lessened as a result of the 
Cox maze III procedure?

19

70%

8

30%

0

7) Are you still actively working, e.g., did you maintain your preoperative job? 18

67%

9

33%

0

8) If no, were you forced to stop working as a result of your cardiac condition? 2

7%

7

26%

0

? = No opinion. Number of included patients n=27.
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Although these data appear very promising, Maze surgery includes extensive surgery 
(total surgery time approximately 4 to 5 hours), needing a thoracotomy and cardiopulmonary 
bypass, and complications are not uncommon. Th erefore, this type of surgery is limited to 
experienced centers and the patient should always be informed extensively about possible 
perioperative and postoperative complications. 

II-C   Catheter ablation
Currently, transvenous radiofrequency catheter-directed atrial ablation, including 

segmental or circumferential isolation of the pulmonary veins, has become the preferred 
strategy to cure patients from symptomatic atrial fi brillation, even aft er failure on only one class 
I or III antiarrhythmic drug.153 Th e fi rst fi ve randomized studies comparing radiofrequency 
ablation with antiarrhythmic drugs as fi rst-line treatment of symptomatic atrial fi brillation 
showed promising results in favor of ablation.179-183 Short and midterm results indeed are 
promising, several studies showing complete success percentages (i.e. without antiarrhythmic 
drugs) between 56 and 87% aft er one year of follow-up.179-183 However, in contrast to the 
surgical data, follow up in most catheter ablation studies was relatively short ranging from 
0.5 – 2.5 years, and in up to one third of the patients a repeat ablation procedure is necessary. 
Furthermore, complications may occur. A worldwide survey performed by Cappato et 
al. revealed a major complication rate of 6%, being predominantly pericardial eff usion, 
pulmonary vein stenosis and stroke.184  Esophageal perforation occurs only rarely but is life 
threatening.185 

Which ablation technique is best remains controversial.186 Success of therapy seems 
mainly determined by selection of patients, but is also related to the ablation technique used, 
experience, and technological advance. Importantly, complete isolation of the pulmonary 
veins seems essential to prevent (early) recurrences.187-189 Because the multifactorial 
genesis of atrial fi brillation, an ablation strategy that involves pulmonary isolation and/or 
a particular set of ablation lines may not be equally eff ective or effi  cient in all patients with 
atrial fi brillation, Oral and colleagues suggested a tailored approach.190 Th is tailored approach 
included targeting of initiators and drivers, and may be a good alternative compared to a 
standardized lesion set. In their study this tailored strategy resulted in successful abolishing 
atrial fi brillation in approximately 80% of patients aft er a mean follow-up of 11±4 months. A 
repeated ablation procedure was needed in 20% of patients, complications rate was 1%, and 
in 11% patients used additional amiodarone. Finally, meanwhile a few studies also reported 
promising results of radiofrequency ablation in patients with systolic heart failure.191-193 Th is 
may have major impact on the treatment of heart failure patients suff ering from symptomatic 
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atrial fi brillation. At present, however, long term effi  cacy and the eventual eff ect on prognosis 
remain unclear.

II-D   Future directions in non-pharmacological rhythm control
It is now well recognized that there are diverse types of atrial fi brillation and various 

underlying causes and that these need to be identifi ed in order to determine the best treatment 
strategy for any individual patient (patient tailored approach). In this context, it is important 
to distinguish between patients with and without structural underlying (heart) disease. In 
younger patients with highly symptomatic, recurrent atrial fi brillation, for example, pulmonary 
vein isolation is an increasingly popular therapy because it off ers the potential of a cure. Until 
recently, the Cox maze III operation was the gold standard as ‘last resort’ for symptomatic lone 
atrial fi brillation or paroxysmal atrial fi brillation refractory to antiarrhythmic drugs given its 
proven long term eff ectiveness. In general, transvenous catheter ablation has a preference 
predominantly since it is easier to perform, does not require a large surgical procedure and 
severe complications probably occur less oft en. Up to now, however, only in experienced 
hands success percentages of transvenous catheter pulmonary vein ablation are comparable 
with maze III surgery, and results on long-term effi  cacy and morbidity are scarce. 

New strategies in endocardial ablation in order to improve outcome include: new 
ablation techniques, i.e. more left  (and right) atrial lines, other energy sources, and further 
development of imaging techniques incorporated during the ablation procedure. New 
energy sources with either an endocardial or epicardial, or a combined approach, have been 
successfully used concomitantly with additional surgical procedures, and short-term follow 
up is encouraging.194-205 In this context, further investigation into the electrophysiological 
imaging properties, such as an epicardial mapping system,206, 207 and minimal invasive surgical 
procedures,208-210 may be important tools in the treatment of atrial fi brillation. 

III   IMPROVING SYMPTOMS AND QUALITY OF LIFE

Symptoms are the main driver for rhythm control. In all studies, using diff erent rhythm 
control options, sinus rhythm resulted in improvement of symptoms and quality of life.172, 

178, 211-219 Patients are oft en substantially limited in their normal daily life because of the 
arrhythmia, resulting in a drastically reduced well-being.63, 220 Th is type of patients were 
studied in the FACET study, chapter 5 of this thesis. One of our fi ndings in this study may 
be of clinical signifi cance. During the study, fatigue (40%) and palpitations (38%) were the 
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most documented symptoms at days on which atrial fi brillation (episodes) occurred, followed 
by dyspnea (11%). Whereas palpitations were predominantly present at days on which atrial 
fi brillation occurred, fatigue was also present beyond that day, see also Figure 8. Indeed, atrial 
fi brillation patients oft en complain about fatigue outlasting the atrial fi brillation episode, 
which their partners do not always understand. Th e present data may add to the understanding 
that atrial fi brillation may severely impair physical and social activities also beyond an atrial 
fi brillation paroxysm.

Figure 8. Percentage of patients with palpitations (panel A) and fatigue (panel B) in the total group in FACET at  the 
day before AF, at the day of (an) AF episode(s) and the days aft er that AF pisode(s).
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Also patients with persistent atrial fi brillation may be (highly) symptomatic with the 
arrhythmia. In the RACE study, in which highly symptomatic patients were excluded, ‘atrial 
fi brillation related’ complaints were present in 72% and underlying heart disease in 79% of 
patients (49% hypertension, 27% coronary artery disease) at inclusion. In these patients fatigue 
(56%), dyspnea (50%) and palpitations (37%) were most frequently observed.3 However, 
these symptoms may also, partially, result from underlying disease or other (psychological) 
factors.221 Th erefore, in daily clinical practice it oft en remains diffi  cult to diff erentiate between 
symptoms related to atrial fi brillation itself and other conditions. Th is diff erentiation is, 
however, very important in the estimation (risk-benefi t ratio) of the potential eff ect of a 
rhythm control intervention, improving the patients well-being. Figure 9 shows a comparison 
of complaints at inclusion (up to the last 3 months before inclusion) between patients in the 
RACE study and FACET study (see also thesis dr. M. Rienstra). Th is fi gure illustrates that 
a signifi cant diff erence may be seen in atrial fi brillation related symptoms in subgroups of 
atrial fi brillation patients. Furthermore, it shows that, at least in part, symptoms are related to 
underlying conditions and not atrial fi brillation itself.  In this context, especially in patients 
with chronic, ongoing underlying disease, it is important to pay attention to the potential 
benefi t of adequate ventricular rate control during atrial fi brillation episodes. 

So, the critical issue in terms in patient selection for a particular treatment strategy 
is how to defi ne what actually constitutes “highly symptomatic”.222  Obviously, “objective” 
arrhythmia burden (duration of atrial fi brillation, duration and frequency of attacks), 
underlying disease and perhaps demographics would appear important, but we reasoned 
that psychological factors might also be implicated in the choice for non-pharmacological 
treatment (chapter 7).223 In particular, we wondered whether neuroticism, a steady personality 
trait which gives an indication of the emotional stability of a person, plays a role.224 Our study 
demonstrated that neuroticism does not appear to play an important role in the decision to 
perform a non-pharmacological intervention. Instead, the data indicate that younger patients 
with pharmacologically refractory atrial fi brillation more oft en undergo non-pharmacological 
intervention. Although, psychological factors (i.e. somatization) always has to be taken into 
account, considering a non-pharmacological rhythm control treatment option, our results 
suggest that frequency, drug therapy refractoriness and symptomatology of atrial fi brillation 
are the main determinants of the decision for a non-pharmacological intervention.
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Figure 9.  A comparison of atrial fi brillation (AF)-related symptoms (all complaints and specifi c complaints at 
inclusion) between patients included in the FACET study (paroxysmal lone AF) and RACE study (persistent AF). 
RACE patients are subdivided in patients with underlying heart disease (UHD) and without UHD (lone AF).

CONCLUSIONS 

At present, despite the fact that especially non-pharmacological rhythm control approaches 
are rapidly evolving, rhythm-control treatment still is far from ideal. Th is thesis included the 
results of several treatment strategies aimed to improve rhythm control for atrial fi brillation 
and a critical appraisal of the currently available rhythm control approaches. We showed that 
the anticipated benefi ts of calcium lowering drugs in an acute serial cardioversion strategy, 
preventing atrial fi brillation induced remodeling in clinical practice, could not be proven. 
Nevertheless, we concluded that digoxin should not be instituted as monotherapy in patients 
in whom rhythm control is therapy of choice. Current knowledge about the eff ect of atrial 
fi brillation in heart failure patients and what treatment strategy is best remains controversial. 
According to the non-pharmacological treatment options studied, and the proven benefi ts 
of catheter ablation for atrial fi brillation (given the higher chance of cure), we concluded 
that pacing is not considered an established method to prevent or reduce atrial fi brillation 
in patients without a pacing indication. Furthermore, Cox maze surgery appeared to be 
very eff ective with excellent long term sinus rhythm maintenance. Since each patient has an 
unique underlying clinical history (genetic profi le, gender, age, duration of atrial fi brillation, 
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underlying cardiac disease, demographics and atrial fi brillation-related symptoms), treatment 
of atrial fi brillation must be individualized. In this respect, results of new antiarrhythmic 
agents and the further development of more favorable non-pharmacological rhythm control 
strategies are eagerly awaited. 
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