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1. Episodische behandeling met amiodaron is niet geschikt voor preventie 
van boezemfibrilleren omdat het niet leidt tot minder amiodaron- en 
onderliggende hartziekte geassocieerde bijwerkingen, maar wel het aantal 
recidieven boezemfibrilleren en cardiovasculaire ziekenhuisopnames 
verhoogt (dit proefschrift). 

2. Ook na langdurig behoud van sinusritme leidt staken van amiodaron bij 
patienten met persisterend boezemfibrilleren meestal tot een recidief (dit 
proefschrift). 

3. Het optreden van amiodaron-geassocieerde schildklierfunctiestoornissen is 
niet gerelateerd aan de duur van amiodaron behandeling (dit proefschrift). 

4. Neurologische, long, huid, en leverbijwerkingen zijn juist wel gerelateerd aan 
de duur van amiodaron behandeling (dit proefschrift). 

5. De behandeling van amiodaron-gerelateerde thyrotoxicose (te snel werkende 
schildklier) wordt niet negatief beTnvloed door het continueren van amiodaron 
therapie (dit proefschrift). 

6. De effectiviteit van amiodaron ter preventie van sinusritme wordt beTnvloed 
door de ernst van atriale remodeling, die zich laat afleiden uit de CHADS

2 

score (dit proefschrift). 

7. Continue en episodische amiodaron behandeling leiden beiden tot een 
vergelijkbare verbetering in kwaliteit van leven in patienten met persisterend 
boezemfibrilleren, alhoewel continue amiodaron behandeling effectiever is 
voor behoud van sinusritme (dit proefschrift). 

8. Herstel van sinusritme leidt niet tot verbetering van kwaliteit van leven in 
patienten met een Type D persoonlijkheid (dit proefschrift). 

9. Het beTnvloeden van psychologische factoren zoals Type D persoonlijkheid 
zou de uitkomst van de behandeling van boezemfibrilleren positief kunnen 
beTnvloeden. 

10. Nieuwe antiaritmica moeten natuurlijk werkzaam zijn, maar boven al dienen 
ze veilig te zijn en liefst cardiovasculaire morbiditeit, ziekenhuisopnames en 
mortaliteit te verlagen. 

11. Science may set limits to knowledge, but should not set limits to imagination. 
(Bertrand Russel) 

12. Het maakt niet uit wat je van elkaar bent, maar wat je voor elkaar betekent. 
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Chapter 1 

Atrial fibrillation (AF) is the most prevalent cardiac arrhythmia and the incidence of 

AF is set to rise even further as the general population in the Western world achieves 

greater age.1 Atrial fibrillation is associated with symptoms such as palpitations, 

dyspnea and fatigue leading to impaired quality of life. Patients with AF have 

impaired health-related quality of life compared to healthy controls but also patients 

with other cardiac conditions including ischemic heart disease. 2-5 Furthermore, it can 

lead to heart failure, stroke and increased mortality.6• 
7 

Large clinical trials have shown rate control to be an effective treatment strategy for 

persistent AF. However, rhythm control still remains therapy of choice in symptomatic 

patients to improve cardiac function and quality of life.8• 9 Currently, several 

antiarrhythmic drugs are available to enhance sinus rhythm maintenance after 

electrical cardioversion for patients with persistent AF. The class Ill antiarrhythmic 

drug amiodarone has been found to be the most effective antiarrhythmic drug in 

sinus rhythm maintenance in large clinical trials.10-13 In addition, it does not lead to an 

increase in mortality and is safe in patients post-myocardial infarction.14-16 

Amiodarone 

Amiodarone contains approximately 39% iodine by weight and is highly lipophilic. 

Oral ingestion of a single dose of 600-800 mg results in irregular and incomplete 

absorption suggesting a bioavailability of around 30-50%. Amiodarone is extensively 

metabolised in all tissues to desethylamiodarone.17 It has antiarrhythmic properties 

independent of the parent compound as higher desethylamiodarone serum levels 

are associated with chemical conversion to sinus rhythm. 18 High concentrations of 

amiodarone are found in adipose tissue, liver and lung. It is slowly released from 

these organs, which results in a long elimination half-life of up to several months 

depending on the total dose administered. It also has an effect on cardiac tissue with 

a prolongation of refractoriness and elongation of the action potential. 

12 



Efficacy amiodarone 

Atrial fibrillation 

Introduction 

Pharmacological rhythm control remains difficult to achieve as most patients do not 

maintain long-term sinus rhythm even with the use of a serial antiarrhythmic drug 

approach.19 Studies have shown that on amiodarone therapy only approximately 

60% of patients are still in sinus rhythm after 2 years.10• 18• 20• 21 The recurrence rate of 

AF is high and patients inevitably progress to permanent AF.22 Due to the substantial 

adverse effects associated with amiodarone it is not first choice therapy in patients 

without impaired cardiac function.6 Amiodarone is therefore initiated in patients 

who have already failed (an)other antiarrhythmic drug(s) or who have impaired 

cardiac function. At that moment, structural remodeling associated with AF may be 

too far advanced.23 Even amiodarone may then be ineffective. In patients with less 

advanced structural remodeling amiodarone may be more successful in maintaining 

sinus rhythm long-term e.g. in patients with a short history of AF. 

Outcome in patients with persistent AF is not only dependent on progression of 

structural remodeling but may also be influenced by personality traits. It has been 

shown in patients with coronary artery disease that outcome is worse in patients with 

a Type D personality.24 This personality encompasses social inhibition and negative 

affectivity. Possible mechanisms include an interaction between the immune system 

leading to increased levels of pro-inflammatory factors, including increased activity 

of the sympathetic nervous system and increased cortisol levels, resulting in high AF 

recurrence rate.25 Psychological interventions may be employed to improve rhythm 

control outcome. 

Ventricular arrhythmias 

Amiodarone has been shown to reduce arrhythmic death compared to placebo 

in patients post-myocardial infarction and with reduced left ventricular systolic 

dysfunction.15• 16 Amiodarone has been shown to be less effective for reduction 

of mortality since the emergence of implantable cardioverter defibrillator (ICD) 

therapy. Meta-analysis of three secondary prevention trials has shown ICD therapy 

to significantly improve survival compared to a neutral effect of amiodarone 

therapy.26 Amiodarone therapy also showed no benefit on survival in patients with 

13 
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both ischemic and non-ischemic congestive heart failure New York Heart Association 

class II or Ill and left ventricular ejection fraction of::;; 35%.27 

Adverse effects 

The irregular absorption and long half-life of amiodarone, mentioned above, are 

responsible for the unfavourable side effect profile as it is associated with a high 

incidence of adverse effects. Non-cardiac adverse effects that can occur are: 

amiodarone-associated thyrotoxicosis and -hypothyroidism, pulmonary and hepatic 

toxicity, dermatological, ophthalmological, neurological and gastrointestinal tract 

effects. Most of these adverse effects are reversible after amiodarone cessation, but 

lung toxicity can be fatal. Amiodarone has a low incidence of adverse cardiac effects 

mainly sinus bradycardia and atrioventricular conduction disturbances.28 Torsades de 

pointes occur only infrequently.13 

Thyroid dysfunction is the most frequent occurring adverse effect.29 Both 

hypothyroidism and hyperthyroidism can occur, in part, dependent on ambient 

iodine intake. In areas with low to normal iodine intake, such as the Netherlands, 

the incidence of amiodarone-associated thyrotoxicosis is higher compared to 

hypothyroidism.30 In iodine replete regions such as the United States, the incidence of 

amiodarone-associated hypothyroidism is higher. The pathogenesis of amiodarone

associated hypothyroidism is based on the inability to escape the Wolff-Chaikoff 

effect, resulting in persistent inhibition of iodide oxidation.31 Amiodarone-associated 

thyrotoxicosis can occur by two mechanisms. Type I mainly occurs in patients with 

an underlying thyroid condition, in which excess thyroid hormone is produced. Type 

II occurs in patients with a normal thyroid gland and is a form of thyroiditis due to 

the direct toxic effect of amiodarone, which releases an excess of thyroid hormone. 

The distinction is not easily made and mixed forms frequently exist.32 Treatment of 

amiodarone-associated thyrotoxicosis and necessity of amiodarone discontinuation 

is still not fully elucidated. Antithyroid drugs are used in the current treatment of 

type I but with varied success.33• 34 Discontinuation of amiodarone is recommended 

if possible.31 Type II is treated with prednisone and amiodarone can often be 

continued.35• 36 Patients with amiodarone-associated hypothyroidism are treated with 

levothyroxine replacement therapy.37 Both thyrotoxicosis as well as hypothyroidism 

14 
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can have detrimental effect on cardiac function. Thyrotoxicosis is associated with 

an increased risk of cardiac events.38 Hypothyroidism can induce or worsen heart 

failure.39• 40 

Several studies have suggested that adverse effects can occur with higher loading 

and maintenance dosages and with long-term use.41• 42 Attempts have been made 

to lower the occurrence of adverse events and still maintain adequate arrhythmia 

suppression.43 Lowering loading and maintenance dosages has resulted in a lower 

incidence of adverse events though they still occur (Table 1). Discontinuation 

of amiodarone therapy is often required in AF patients because the side effects 

outweigh the benefits of sinus rhythm maintenance. 

The same does not necessarily hold for patients with ventricular arrhythmias. 

Amiodarone is often continued despite side effects because of the beneficial effect 

of suppression of possible life-threatening ventricular arrhythmias. Patients may 

still encounter an ongoing effect of amiodarone, despite its discontinuation, as it is 

slowly released from various tissues where it has accumulated over time. It would be 

helpful if patients at risk for developing amiodarone-associated adverse events and 

especially thyroid dysfunction could be identified early. It may also be possible to use 

short-term amiodarone treatment for a selection of patients in an effort to prevent 

occurrence of adverse events, while maintaining sinus rhythm. 

Aim of this thesis 

The aim of this thesis is to investigate the occurrence of amiodarone-related adverse 

events, and strategies to reduce these, to investigate effectiveness of amiodarone 

for rhythm control in patients with persistent AF, and finally to study the role of AF 

treatment on quality of life. 

In chapters 2 and 3, we investigated occurrence of amiodarone-related adverse 

events in patients treated with episodic (short-term) amiodarone treatment peri

cardioversion and in patients discontinuing amiodarone treatment after long-term 

sinus rhythm maintenance on amiodarone compared to continuous amiodarone 

therapy. We reasoned, that by limiting amiodarone exposure we could lower the 

adverse event rate. In chapter 4, we sought to identify predictors for the occurrence 

of amiodarone-associated thyroid dysfunction and treatment outcome. By identifying 
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patients at risk we may be able to prevent or detect and treat thyroid dysfunction 

earlier with beneficial effect on outcome. In chapters 2, 3 and 5, we investigated 

rhythm control outcome in patients treated with amiodarone peri-cardioversion 

and in patients discontinuing amiodarone after long-term successful AF treatment 

with amiodarone compared to continuous amiodarone treatment. Furthermore, in 

chapter 6, we studied the role of Type D personality on rhythm control outcome in 

patients treated with amiodarone to prevent recurrence of persistent AF. In chapter 

7, we studied the role of amiodarone treatment on quality of life. We hypothesized 

that episodic amiodarone treatment would be associated with higher quality of 

life compared to continuous amiodarone treatment. Finally in chapter 8, we give 

our view on the present role of amiodarone in rhythm control and discuss future 

development including new antiarrhythmic drugs. 

16 
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Table 1. Prospective studies on oral amiodarone for maintaining sinus rhythm before and/or 
after electrical cardioversion for persistent AF in patients without heart failure 

Author Study design Intervention Loading dose Maintenance Cumulative 
(n) (g) dose (g/d) dose (g) 

Gosselink20 Prospective, Amiodarone and 16.8 0.2 136 
non- ECV 

randomized 
(n=98) 

Roy10 Randomized, Amiodarone 0.14 g/kg + 0.2 88+ loading 
open label (n=201} or sotalol/ 8.4 g dose 

(n=403) propafenone 
(n=202) and ECV 

Galperin44 Randomized, Amiodarone 16.8 0.2 65 
Double (n=47} or placebo 

blinded (n=95} (n=48) and ECV 
Kochiadakis45 Randomized, Amiodarone or 0.105/kg+ 0.105/kg+ 

single blinded propafenone after 0.D7/kg+ 0.07/kg+141 
(n=146) achieving SR with subsequently 

ECV 0.2 

AEs= adverse events; AF=atrial fibrillation; ECV= electrical cardioversion; FU= follow-up; 
SR=sinus rhythm; * p<0.05 

FU (m) Efficacy Amiodarone group 

Definition Hypothyroidism Total 
thyroid (n [%]) and AEs 

dysfunction thyrotoxicosis n {%) 
(n [%]) 

Mean 53% SR after 3 
20.7 years 

16 65% vs 37% SR 2 (1) 36 (18) 
after 1.4 year 1 (0.5} 

9 63% vs 20% SR 1 (2) 7 (15) 
after 1.3 years 

24 72% vs 56% SR 4 (6} 17 (24) 
after 1 year·, 6 (8} 
42%vs 51% 
after 2 years 



Author Study design Intervention Loading dose Maintenance Cumulative FU (m) Efficacy Amiodarone group 
(n) (g) dose (g/d) dose (g) 

Definition Hypothyroidism Total 
thyroid (n [%]) and AEs 

dysfunction thyrotoxicosis n (%) 
(n [%]} 

Singh11 Randomized, Amiodarone 19.6 0.3 for 266 36 48% vs 68% 16 (6) 
double (n=267), first year, (120-375) (12-54) recurrence AF 
blinded sotalol (n=261) or subsequently after 1 
(n=665) placebo (n=137) 0.2 year* 

and ECV 

Vijayalaksh46 Randomized, Amiodarone 7.0 0.2 33.5 6 63% vs 39% 1 (4) 
open label (n=27), sotalol vs 16% SR at 6 

(n=94) (n=36) or no AAD months· 
(n=31) and ECV 

Channer47 Randomized, Short-term 11.2 (short- 11.2 22.4 12 33%vs 49%, short-term 5 (8) 
double amiodarone, term) 5% SR at 1 no thyroid 11 (18) 
blinded (n=62) long-term 11.2 (long- 72.8 84 year dysfunction 
(n=161) amiodarone term) 4 (7) 

(n=61) or placebo 
(n=38) and ECV 

Villani48 Randomized, Diltiazem (n=44), 12.1 6 18.1 1 56%, 28% none 
open label amiodarone vs 78% 

(n=120) (n=46) or digoxin recurrence AF 
(n=30) and ECV at 1 month· 

AEs= adverse events; AF=atrial fibrillation; ECV= electrical cardioversion; FU= follow-up; SR=sinus rhythm; * p<0.05 
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Chapter 2 

Context Amiodarone effectively suppresses atrial fibrillation but causes many 

adverse events. 

Objective To compare major events in patients randomized to receive episodic 

amiodarone treatment with those who receive continuous amiodarone treatment 

while still aiming to prevent atrial fibrillation. 

Design, Setting, and Participants A randomized trial of 209 ambulatory patients with 

recurrent symptomatic persistent atrial fibrillation, conducted from December 2002 

through March 2007 at 7 Dutch medical centers. 

Intervention Patients were randomly assigned to receive either episodic or continuous 

amiodarone treatment after electrical cardioversion following amiodarone loading. 

Episodic amiodarone treatment was discontinued after a month of sinus rhythm and 

reinitiated if atrial fibrillation relapsed (1 month peri-electrical cardioversion). In the 

continuous treatment group amiodarone was maintained throughout. 

Main Outcome Measures The primary end point was a composite of amiodarone 

and underlying heart disease-related major events. The secondary endpoint were all 

cause mortality and cardiovascular hospitalizations. 

Results After a median follow-up of 2.1 years (range, 0.4-2.5 years), 51 (48%) of 

those receiving episodic treatment vs 64 (62%) receiving continuous treatment had 

sinus rhythm (P=.05). There were 85 atrial fibrillation recurrences (80%) among the 

episodic treatment group vs 56 (54%) in the continuous treatment group (P<.001). 

No significant difference existed in the incidence of the primary composite end point 

between each group (37 [35%] episodic vs 34 [33%] continuous; incidence rate 

difference, 0.2; 95% confidence interval [Cl], -10.2 to 10.6). However, there were 

nonstatistically significant differences in the incidence of amiodarone-related major 

adverse events (20 [19%] episodic vs 25 [24%] continuous; incidence rate difference, 

-2.0; 95% Cl, -8.7 to 4.6) and underlying heart disease-related major adverse events 

(17 [16%] episodic vs 9 [9%] continuous; incidence rate difference, 3.6; 95% Cl, -1.6 

to 8.8). All cause mortality and cardiovascular hospitalizations were higher among 

those receiving episodic treatment (56 [53%] vs 35 [34%], P=.02). 

Conclusions In this study population, there was no difference in the composite of 

amiodarone and cardiac major adverse events between groups. However, patients 

receiving episodic treatment had a significantly increased rate of atrial fibrillation 

recurrence and a significantly higher rate of all-cause mortality and cardiovascular 

hospitalizations. 
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Atrial fibrillation is not a benign disease. It may cause symptoms, heart failure and 

stroke.1 Recent studies have established that morbidity and mortality are comparable 

between rate- and rhythm-control therapy.2-5 However, long-term maintenance of 

sinus rhythm provides a variety of benefits, including an improvement in cardiac 

function and quality of life.6-8 Therefore, maintenance of sinus rhythm is still the 

treatment of choice in symptomatic patients, those with tachycardiomyopathy, and 

when adequate rate control cannot be achieved.3 However, success of pharmacological 

rhythm control is rather limited.3,9 With a serial antiarrhythmic drug approach, no 

more than 40% of the patients are in sinus rhythm after a year, and only about 

30% after 4 years.9 Of all class I, II, and Ill antiarrhythmic drugs, amiodarone is the 

most effective antiarrhythmic drug in preventing atrial fibrillation.10-13 Amiodarone 

maintains sinus rhythm in 45 to 70% of the patients during 12 to 54 months of follow

up.11 Unfortunately, amiodarone causes many (noncardiac) adverse events, which 

are mostly associated with high daily dosages and long-term therapy14,15 but does 

not increase mortality in patients with heart failure and ischemic heart disease.16•17 

Efforts to reduce the adverse event rate by using low-dose amiodarone (� 400 mg/d 

after adequate loading) suggest that they still occur. Short-term therapy, however, 

may be more effective in reducing the occurrence of adverse events.18 The present 

randomized, prospective study compares the effects of episodic amiodarone 

treatment vs continuous amiodarone treatment, first, on major events related to 

amiodarone use and the underlying heart disease and, second, on all cause mortality 

and cardiovascular hospitalizations. It is our hypothesis that episodic treatment 

peri-cardioversion is associated with a lower adverse event rate than continuous 

treatment while atrial fibrillation is still effectively suppressed. 

Methods 

Study Design 

Seven centers in the Netherlands participated in the study. The institutional review 

boards at each institution approved the study protocol, and all patients gave written 

informed consent. The study was conducted from December 2002 until March 2007. 

Mean follow-up was 1.5 years with a maximum of 2.5 years. Enrollment is shown in 

Figure 1. 
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I 
230 Patients assessed and loaded 

I with amiodarone 

16 excluded 
11 adverse events due amiodarone 

� 1 patient discontinued all medication 
4 did not achieve sinus rhythm after 

electrical cardioversion 

,. 
214 Achieved sinus rhythm 

71 Without electrical 
cardioversion 

143 With successful electrical 
cardioversion 

106 Randomized to recieve episodic 
amiodarone treatment 

l 
106 Included in primary analysis 

I 

Figure 1. Study Enrollment Flow Diagram 

108 Randomized to receive 
continuous amiodarone treatment 

5 Lost to follow-up shortly after 
randomization 

103 Included in primary analysis 

Patients were included if they experienced recurrence of symptomatic persistent 

atrial fibrillation or atrial flutter with a duration of less than a year, a heart rate more 

than 75/min, and if they were taking oral anticoagulation therapy for at least 2 weeks. 

This guarantees at least 6 weeks of anticoagulation therapy, as patients are loaded 

with amiodarone 4 weeks before electrical cardioversion ( Figure 1). Patients were 

deemed to be symptomatic if they reported such events as palpitations, dyspnea, 
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and fatigue due to atrial fibrillation or atrial flutter, which was defined as non-self

terminating atrial fibrillation or atrial flutter requiring electrical cardioversion to 

obtain sinus rhythm. Excluded were patients with more than 3 relapses of persistent 

atrial fibrillation during the last 3 years, amiodarone use in preceding 3 months, history 

of relapse of atrial fibrillation under adequate (desethyl)amiodarone levels, New York 

Heart Association class Ill or IV heart failure, contraindications for amiodarone, history 

of thyroid dysfunction, concomitant treatment with class I or Ill antiarrhythmic 

drugs, known sick sinus syndrome, second- or third-degree atrioventricular block, 

or a pacemaker. Patients were seen at the outpatient department at inclusion, after 

2 weeks of amiodarone, and 1, 4, 8, 12, 16, 20 and 24 months after randomization. 

At screening, hemoglobin, sodium and potassium serum levels, renal function, liver 

functions, thyroid functions, and glucose levels were measured. Furthermore, a chest 

x-ray and transthoracic echocardiogram were done. After 2 weeks of amiodarone 

loading, an electrocardiogram and a 24-hour Holter monitor were obtained to assess 

rate control. Rate control medication was halved if deemed necessary. At each 

visit, complaints were recorded, physical examination was performed, a 12-lead 

electrocardiogram was recorded, and blood samples were taken for laboratory test 

results. (Desethyl)amiodarone serum levels were assessed at each follow-up visit. 

Chest x-rays were repeated every 8 months. All amiodarone or underlying heart 

disease-related major events were recorded as an end point on a special form. After 

documentation of a (nonfatal) end point, follow-up was continued to document 

additional end points. 

After taking 600 mg of amiodarone daily for the 4-week loading period, patients 

underwent an electrical cardioversion if they had not already converted chemically 

to sinus rhythm (Figure 1). The protocol for electrical cardioversion was described 

previously.19 In short, patients underwent an electrical cardioversion under general 

anesthesia and all shocks were applied to the chest in an anterior-lateral paddle 

configuration. Immediate outcome of the shock was monitored by continuous 

12-lead electrocardiogram and rhythm monitoring during 4 hours by telemetry. 

Thereafter, patients were randomly assigned to receive either episodic or continuous 

amiodarone treatment. After cardioversion, amiodarone was lowered to a 

maintenance dose of 200 mg daily. Amiodarone was discontinued in the episodic 
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group 4 weeks after randomization, and restarted a month before and continued a 

month after cardioversion if atrial fibrillation had relapsed. Amiodarone treatment 

was maintained for those in the continuous treatment group. Patients experiencing 

recurrence in either group were reloaded with 600 mg of amiodarone daily for 4 

weeks if the sum of their amiodarone and desethylamiodarone serum levels was 

lower than 1 mg/L or for 2 weeks if the sum was lower than 2 mg/L. Patients in 

both groups were subsequently scheduled for an electrical cardioversion. In case 

the sum of the levels was more than 2 mg/L, which are considered to be adequate 

(desethyl)amiodarone serum levels, sinus rhythm was no longer pursued and atrial 

fibrillation was accepted (i.e, permanent atrial fibrillation ), unless recurrences under 

adequate serum levels occurred after 6 months or more of maintained sinus rhythm. 

In that case, electrical recardioversion was deemed to be reasonable. Otherwise, 

amiodarone therapy was discontinued permanently and rate control was instituted 

if needed. During reloading with a higher daily amiodarone dose, rate control 

medication was lowered if needed. Patients were followed up until study completion .  

All patients were taking oral anticoagulation (acenocoumarol or fenprocoumon, target 

international normalized ratio [ INR] 2.5 to 3.5) continuously. Careful surveillance was 

maintained because amiodarone is known to reinforce the anticoagulant effect of 

acenocoumarol and fenprocoumon .1 The thrombosis service was notified. when the 

patient was included in this study. Furthermore, patients were instructed to notify 

the thrombosis service if there was a change in daily amiodarone dose so that their 

dosage of oral anticoagulation could be adapted accordingly to ensure adequate 

anticoagulation. 

End Points 

Primary End Point 

Primary end point consisted of amiodarone and underlying heart disease-related 

major events. The major events that were associated with amiodarone included 

cardiovascular effects; hyperthyroidism and hypothyroidism; pulmonary and hepatic 

toxicity; and dermatological, ophthalmologic, neurological and gastrointestinal tract 

effects. Cardiovascular effects were defined as symptomatic sinus bradycardia with 
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a heart rate lower than 40/min, sinus arrest longer than 4 seconds, atrioventricular 

conduction disturbances necessitating pacemaker implantation, or ventricular 

proarrhythmia. Thyroid dysfunction could be clinical, biochemical, or both. 

Biochemical hyperthyroidism was defined as thyroid-stimulating hormone (TSH) 

levels 50% below the lower limit and free thyroxine (FT
4

) and free triiodothyronine 

(FT3) levels higher than the normal ranges. Biochemical hypothyroidism was defined 

as a repeated elevated TSH 50% higher than the upper limit and decreasing FT
4 

and 

FT3 or elevated TSH in presence of complaints due to hypothyroidism, which had to 

be confirmed by an endocrinologist. Pulmonary toxicity was defined by respiratory 

symptoms and if new chest X-ray findings were confirmed by a pneumonologist. 

Hepatic toxicity was defined as a 3-fold elevation in hepatic transaminases from the 

normal value range. Non-photosensitive rash and bluish discoloration confirmed 

by a dermatologist were defined as dermatological adverse events. Uncomplicated 

photosensitivity was not an end point event. Blurred or nocturnal halo vision or other 

visual complaints confirmed by an ophthalmologist were defined as ophthalmologic 

adverse events. Tremor, ataxia, or gait disturbance; numbness or tingling; and severe 

insomnia confirmed by a neurologist were defined as neurological adverse events. 

Gastrointestinal events included severe nausea, vomiting, diarrhea or constipation. 

Underlying heart disease-related major events were defined as heart failure, 

thromboembolic complications, bleeding, myocardial ischemia or infarction, and 

death . Heart failure was defined as an episode of right or left ventricular failure 

necessitating hospitalization . Thromboembolic complications included stroke, 

transient ischemic attack, and peripheral or pulmonary embolism. Cerebrovascular 

events had to be diagnosed by a neurologist, and the cause was determined with the 

use of computed tomography. Peripheral thromboembolism had to be confirmed 

by a surgeon; pulmonary embolism, by a pneumonologist. Bleeding was recorded 

as an end point if the hemoglobin value decreased by more than 2 g/L, if blood 

transfusion or hospitalization was necessary, if it was a retroperitoneal or intracranial 

hemorrhage, or if the bleeding was fatal. Myocardial ischemia was defined as 

unstable angina pectoris, angina necessitating intervention, or a positive exercise 

test or reversible perfusion defect on myocardial scintigraphy. 
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Secondary End Point 

Secondary end points were defined as all-cause mortality and cardiovascular 

hospitalizations including hospitalizations for electrical cardioversion, atrial 

fibrillation, and underlying heart disease-related and amiodarone-related major 

events. 

A committee of experts who were unaware of the treatment assignments adjudicated 

all possible end points, and classified the end points as amiodarone or underlying 

heart disease-related. This was done to prevent bias in the adjudication. 

Statistical analysis 

The primary objective was to test our hypothesis that compared with continuous 

amiodarone treatment, episodic treatment is related to lower amiodarone- and 

underlying heart disease-related major events. In the literature, a wide range of the 

incidence of low-dose amiodarone-induced adverse events in patients with atrial 

arrhythmias are reported. In general, an incidence of 5% to 25% is seen.18•20 At the 

end of follow-up in our study, we assumed an incidence rate of amiodarone- and 

underlying heart disease-related major adverse events to be 18% in the episodic 

treatment group and 38% in the continuous treatment group. To reach statistical 

significance with a power of 80% and an a of .05 (2-sided), 192 evaluable patients 

were assessed to be needed. We aimed to include 220 patients to account for 

withdrawal during the loading phase (before randomization) and unsuccessful 

electrical cardioversions. Our secondary objective investigated differences in the 

occurrence of accepted atrial fibrillation (i.e., permanent atrial fibrillation) between 

both groups. In addition, we compared all-cause mortality and cardiovascular 

hospitalizations including amiodarone- and cardioversion-related hospitalizations. 

In total 5 patients were lost to follow-up immediately after randomization. These 5 

patients were therefore excluded from the analysis (Figure 1). Baseline descriptive 

statistics are presented as the mean (SD) or median (range) for continuous variables, 

and numbers with percentages for categorical variables. The patient characteristics 

at baseline and during follow-up were compared with x2 and t tests. For all time-to

event analyses, Kaplan-Meier estimates were used and were compared by the log-
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rank test. Hazard ratios were calculated in order to assess whether the predefined 

study-related morbidity reduction of about 50% was accomplished .  The number of 

and incidence rates per 100 person years of the primary end point {first occurring 

end point in a patient) were calculated.  Furthermore, the number of first-occurring 

secondary end points was calculated. All analyses were based on the intention-to

treat principle. A P value <.OS was considered statistically significant. The statistical 

analyses were carried out using the statistical program SPSS, version 14.0 {SPSS Inc, 

Chicago, Illinois). 

Results 

Patient characteristics 

A total of 209 patients were eligible for analysis: 103 in the continuous amiodarone 

treatment group and 106 in the episodic treatment group {Table 1). The characteristics 

of the patients were typical of a population of patients with persistent AF.3•9•21 

Treatment 

The median follow-up was 2.1 years {range, 0.4-2.5 years). The median cumulative 

dose of amiodarone in the episodic group was 48 g {range, 16-178 g) vs 123 g {range, 

19-203 g) in the continuous treatment group {P<.001). During follow-up, the sum 

serum levels of amiodarone and desethylamiodarone were significantly higher in 

the continuous group. In the episodic group, more first atrial fibrillation recurrences 

occurred {85 [80%] vs 56 [54%], P<.001). In total, 132 relapses occurred in the episodic 

group vs 77 in the continuous treatment group. At the time of first atrial fibrillation 

recurrence, 56 of 85 patients {66%) in the episodic group did not use amiodarone, 

whereas 18 of 56 patients {32%) did not use amiodarone in the continuous group. 

More patients in the episodic group underwent chemical {36 [34%] vs 14 (14%]) and 

electrical conversions {38 [36%] vs 22 [21%]; P<.001) after the first recurrence. At the 

end of follow-up, 51 {48%) in the episodic vs 64 {62%) in continuous treatment group 

had sinus rhythm {P=.05, Table 2). 
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Table 1. Baseline Patient Characteristicsa 

Episodic Continuous P-value 
amiodarone amiodarone 
treatment treatment 

(n=106) (n=103) 

Age, mean {SD), y 67 {9) 66 (9) .28 
Men, No. {%) 70 {66) 66 (64) .94 
Atrial flutter, No. {%) 4 (4) 5 (4) 
Atrial fibrillation 102 {96) 98 {95) .78 

No. {%) 
Total duration, median { IQR), d 514 {48-11,750) 407 {48-9,857) .99 
Duration of present episode, median { IQR),d 37 {0-255) 36 {0-917) .54 
Complaints of atrial fibrillation, No. (%) 101 {95) 93 (90) .79 

Palpitations 42 (40) 38 (37) .99 
Dyspnea 67 (63) 64 (62) .76 
Fatigue 51 (48) 51 (50) .57 

CHADS2 score, median (IQR) 1 {0-5) 1 (0-4) .75 
Underlying diseases, No. (%) 

Coronary artery disease 18 {17) 15 (15) .85 
Previous myocardial infarction 14 (13) 7 (7) .17 

Valve disease 8 (8) 5 (5) .57 
Mitral valve disease 8 (8) 4 (4) .24 
Aortic valve disease 0 1 (1) .49 

Cardiomyopathy 3 {3) 3 (3) .93 
Hypertension 41 (39) 43 (42) .89 

Medical history, No. (%) 
Chronic obstructive pulmonary disease 18 {17) 9 (9) .01· 
Diabetes mellitus 11 (10) 10 (9) .95 
Heart failure hospitalization 6 (6) 11(11) .30 

Atrial fibrillation 4 (4) 9 (9) .55 
NYHA heart failure class, No. (%) 

I 35 (33) 33 {32) .34 
I I  71  (67) 70 {68) 

Blood pressure, mean {SD), mmHg 
Systolic 135 (17) 136 (17) .45 
Diastolic 84 (11) 85 {10) .68 

Atrial size, mean (SD), mm 
Left 

Long axis 48 (7) 45 (5) .01· 
Apical view 68 {9) 66 (8) .06 

Right 
Apical view 63 (8) 61 (7) .11 

LVEDD, mean (SD), mm 51  (7) 51 {6) .97 
LVESD, mean {SD), mm 36  (9) 35 (7) .70 
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Septa! thickness, mean (SD), mm 11 (2) 10 (2) .45 
Posterior wall thickness, mean (SD), mm 10 (1) 10 (1) .09 
Fractional shortening, mean (SD), % 30 (12) 31 (9) .42 
Medication at screening, No. (%) 

Acenocoumarol 104 (98) 97 (94) .97 
�-Blocker 70 (66) 69 (67) .54 
Diuretics 34 (32) 34 (33) .76 
ACE inhibitor so (47) 35 (34) .08 
ARB 13 (12) 11 (11) .83 
Digoxin 28 (26) 25 (24) .98 
Verapamil or diltiazem 15 (14) 17 (17) .62 
Statin 22 (21) 19 (18) .86 

Abbreviations:ACE, Angiotensin-converting enzyme; ARB, angiotensin I I  receptor blocker; 
CHADS2, congestive heart failure, hypertension, age> 75 years, diabetes mellitus and stroke; 
LVEDD, left ventricular end diastolic diameter; LVESD, left ventricular end systolic diamter; 
NYHA = New York Heart Association; *statistically significant. 
a Patients may have more than 1 underlying disease or had been receiving more than 1 heart 
disease medication at screening. 

Table 2. Rhythm at End of Study 
No. % of Patients receivin Amiodarone Treatment __ .___.. _______ .__ ___ --------

Sinus rhythm 
Accepted atrial fibrillationa 

Waiting for re-ECV 

Outcome 

Episodic Continuous 
(n=106) (n=103) 
51 (48) 64 (62) 
44 (42) 30 (29) 
11 (10) 9 (9) 

P Value 

.OS 

.OS 

.82 

The incidence of the primary end point- any amiodarone- or underlying heart disease

related major event- was 37 (35%) in the episodic vs 34 (33%) in the conti nuous 

treatment group (incidence rate per 100 person-years, 22.5 vs 22.3; incidence rate 

difference, 0.2, 95% confidence interval [Cl], -10.2 to 10.6; P=.97) (Table 3, Figure 2). 

The median cumulative dose at time of the primary end point was significantly lower 

in the episodic than in the continuous treatment group (44 g; range, 16-178 g vs 70 

g; range, 22-203 g; P=.009). There were differences in the incidence of amiodarone 

major events (20 [19 %] vs 25 [24%], incidence rate per 100 person-years, 10.0 vs 

12.0; incidence rate difference, -2.0; 95% Cl, -8.7 to 4.6; P=.55) and underlying heart 

disease-related major events (incidence, 17 (16%) vs 9 (9%); incidence rate per 100 
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person-years; 8.5 vs 4.9; incidence rate difference, 3.6; 95% Cl, -1 .6 to 8.7; P=.19), 

although they did not reach statistical significance, possibly due to lack of power 

(Table 3 and Figure 2). 

The majority of major amiodarone-related events were thyroid dysfunction (55% 

of all events in the episodic treatment group and 40% in the continuous treatment 

group), occurring at comparable rates in both groups. All patients with cardiovascular 

complications had bradyarrhythmias, necessitating pacemaker implantation in 

the majority of patients (8 out of 10). No torsades de pointes were documented. 

Pulmonary toxicity was only seen twice in the continuous treatment group, after a 

relatively high cumulative amiodarone dose and with a fatal outcome in one patient. 

In 2 out of 4 patients in the episodic treatment group who were hospitalized for 

heart failure, atrial fibrillation was present at the time of event, and 3 out of 4 had 

discontinued amiodarone prior to this event. All patients experiencing bleeding 

were taking oral anticoagulant therapy. In 3, the INR nearest to the moment of the 

event was more than 3 .5 .  Thromboembolic complications were only seen in the 

episodic treatment group, while receiving inadequate anticoagulation therapy ( INR 

< 2) and in persistent sinus rhythm. In both treatment strategies, 3 patients died, 

1 due to sudden unwitnessed cardiac death in each treatment strategy. Both had 

discontinued amiodarone treatment for more than 3 months. The other patients 

died due to noncardiac causes (pneumonia, pancreatic cancer, bladder cancer and 

ruptured aortic aneurysm) . 

Currently, because many patients with atrial flutter are treated with ablation, we also 

performed the primary end point analysis after excluding the 9 patients with atrial 

flutter. This did not change the outcome of the primary end point (data not shown). 

34 



Table 3. I ncidence of Primary End Pointa 

Episodic amiodarone Continuous amiodarone Incidence rate P-value 
treatment (n=106) treatment (n=103) difference 

Primary endpoint Number of Incidence rate Number of Incidence rate (95% Cl) n 
cases per 100 person cases per 100 person 0 

::::s 
years (95% Cl) years (95% Cl) �-

::::s 
C 

Composite primary endpoint 37 22.5 (16.3-31.1) 34 22.3 (15.9-31.1) 0.2 (-10.2-10.6) 0.97 0 
C 

Amiodarone related major events 20 10.0 (6.4-15.5) 25 12.0 (7.9-18.2) -2.0 (-8.7-4.6) 0.55 II\ 
< 

Dermatological complications 2 1.1 (0.27-4.4) -1.1 (-2.6-0.4) 0.23 II\ 
C'D 

Gastrointestinal complications 1 0.5 (0.1-3.5) 1 0.5 (0.1-3.9) -0.04 (-1.5-1.4) 0.96 "tJ 
iii" 

Hepatic effects 1 0.5 (0.1-3.9) -0.5 (-1.6-0.5) 0.48 0 

Pulmonary complications 2 1.1 (0.3-4.4) -1.1 (-2.6-0.4) 0.23 n· 
DJ 

Hyperthyroidism 7 3.5 (1.7-7.3) 7 3.8 (1.8-8.0) -0.3 (-4.2-3.5) 0.87 3 
Hypothyroidism 4 2.0 (0.7-5.3) 3 1.6 (0.5-5.1) 0.4 (-2.3-3.1) 0.81 o· 
Neurological complications 3 1.6 (0.5-5.1) -1.6 ( -4.7-0.3) 0.10 DJ 

a Ophthalmological complications 1 0.5 (0.1-3.5) 3 1.6 (0.5-5.1) -1.1 (-3.2-1.0) 0.33 ::::s 

Cardiovascular complications 7 3.5 (1.7-7.3) 3 1.6 (0.5-5.1) 1.9 (-1.3-5.0) 0.28 C'D 
� 
C'D 

Underlying heart disease-related major events 17 8.5 (5.3-13.6) 9 4.9 (2.6-9.4) 3.6 (-1.6-8.7) 0.19 DJ 

lschemia 3 1.5 (0.5-4.6) 3 1.6 (0.5-5.1) -0.1 (-2.7-2.4) 0.92 3 
C'D 

Heart failure 4 2.0 (0.7-5.3) 1 0.5 (0.1-3.9) 1.5 (-0.8-3.7) 0.26 ::::s 

Bleeding 5 2.5 (1.0-6.0) 2 1.1 (0.3-4.4) 1.4 (-1.3-4.1) 0.34 � 
Thromboembolic complications 2 1.0 (0.2-4.0) 1.0 (-0.4-2.4) 0.27 -g 
Death 3 1.5 (0.5-4.6) 3 1.6 (0.5-5.1) -0.1 (-2.7-2.4) 0.92 C'D < 

C'D �-
Abbreviations: Cl, confidence interval 

I [  3Only first occurring endpoint events are reported here 
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Figure 2. Kaplan-Meier Curves of End points. Primary end point (panel A), Amiodarone-related 

major event (panel B), Underlying heart disease-related major event (panel C) and All-cause 

mortality and cardiovascular hospitalization (panel D) 
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All cause mortality and cardiovascular hospitalizations 

A total of 91 patients- 56 (53%) in the episodic vs 35 (34%) in the continuous treatment 

group- encountered a secondary end point, including 2 mortalities in both treatment 

groups (P=.02, Table 4, Figure 2) . There was a trend for more electrical cardioversions 

in the episodic group than in the continuous treatment group (34 [32%] vs 22 [21%] ; 

95% Cl, 10.7; -3.3 to 24.7, respectively) .  When we compare hospitalizations without 

hospitalizations for rhythm control, i.e. electrical cardioversions, the difference 

between both treatment strategies is 22 (21%) vs 13 (12%) (P=.08). 

Table 4. Secondary End Point: Al l-Cause Morta l ity and Cardiovascu lar  Hospita l izationa 

Endpoints 

Total number of endpoints 
Pulmonary compl ications 
Cardiovascu lar 
lschemia 
Heart fai lure 
B leeding 
Thromboembolic compl ications 
E lectrical cardioversion 

Death 
Cardiovascu lar 
Noncardiovascu lar 

No. (%) of Patients Receiving 
Amiodarone Treatment 

Episod ic Continuous 
(n=l06) (n=l03) 
56 (53) 35 (34) 

8 (8) 
1 (1 )  
4 (4) 
4 (4) 
1 (1 )  

34 (32)  
2 (2 )  
1 (1) 
1 ( 1) 

1 (1 )  
3 (3) 
1 (1 )  
1 (1 )  
2 (2 )  
1 (1 )  

22 (21)  
2 (2 )  

2 (2 )  

a Only first occurring endpoint events are reported here. 

Discontinuation of Amiodarone Therapy 

Absolute d ifference 
(95% CI) 

18.8 (1 .0-36.7) 
-1 .0 (-2.9-0.9) 
4.6 (-1.5-10.8) 
0.0 (-2 .7-2.6) 
2.8 (-1 .4-7.0) 
1 .8 (-2 .7-6.4) 
0.0 (-2 .7-2 .6) 

10.7 (-3 .3-24.7) 
-0.1  (-3.8-3.7) 
0 .9 (-0.9-2.8) 
-1.0 (-4.3-2 .3) 

Amiodarone was discontinued in 96 patients (91%) in the episodic vs 43 (42%) in the 

continuous treatment group, predominantly according to the protocol (69 [65%] vs 

7 [7%] patients) .  In addition, amiodarone was discontinued because of major events 

(9 [8%] vs 22 [21%] patients), or accepted atrial fibrillation, due to relapses within 6 

months, while having adequate (desethyl)amiodarone serum levels (18 [17%] vs 14 

[14%] patients) . 
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Comment 

This study shows that episodic amiodarone treatment-in contrast to our expectations 

- has no clinical advantage over continuous treatment because it did not lower 

morbidity in patients with persistent atrial fibrillation over 2 years of follow-up. In 

addition, episodic treatment is associated with more frequent recurrences of atrial 

fibrillation and cardioversion procedures, more patients with multiple recurrences 

and a lower rate of chronic sinus rhythm at 2 years. In the episodic treatment group, 

there was a decreased incidence of amiodarone-related events and an increased 

incidence of underlying heart disease-related events; while these differences were 

not statistically significant, this study was underpowered to make this determination. 

In addition, patients in the episodic group had a significantly higher rate of all-cause 

mortality and cardiovascular hospitalizations than those in the continuous treatment 

group. Considering the above, episodic amiodarone treatment cannot be advocated 

for most patients with persistent atrial fibrillation. 

The lack of usefulness of episodic compared with continuous amiodarone treatment 

may be explained, in part, by the fact that the majority of events were thyroid 

dysfunction occurring at comparable rates in both groups. Other studies have shown a 

similar incidence of thyroid dysfunction .20•22 Another factor that may have contributed 

to the observed results is the higher, unforeseen, amiodarone-related cardiovascular 

complication rate in the episodic treatment group . These patients underwent 

more electrical cardioversions, facilitating recognition of significant bradycardia 

and, hence, pacemaker implantations. Most pacemakers in the study were indeed 

implanted after sinus arrests had been seen after cardioversion. The association 

between amiodarone dose and the rate of pacemaker implantation in patients with 

atrial fibrillation was previously investigated by Essebag et al.23 The incidence rate of 

pacemaker implantation was 2.2% per person-year and occurred more often early 

after start of therapy, at the moment of high daily dosages during the loading phase: 

5 .2% per person-year during the first 90 days of amiodarone treatment. In our study, 

patients in the episodic treatment group had more recurrences of atrial fibrillation 

and were often reloaded with high daily dosages of amiodarone before an electrical 

cardioversion because of inadequate (desethyl)amiodarone serum levels . 
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Apart from the higher than expected amiodarone-related morbidity, cardiovascular 

morbidity (other than bradycardias) was more frequent than anticipated with episodic 

vs the continuous treatment group. These major events consisted mainly of heart 

failure, major bleeding, ischemia and thromboembolic complications. Heart failure 

hospitalization occurred in 50% of the patients in the presence of atrial fibrillation . 

A higher heart rate during a relapse of atrial fibrillation after discontinuation 

of amiodarone therapy may have contributed to this difference. Amiodarone is 

known to lower heart rate during atrial fibrillation. Alternatively, heart failure may 

have been ischemia induced, even though only 1 patient out of 4 with a hospital 

admission for heart failure was known with a history of coronary artery disease. It is 

well known that amiodarone has anti-ischemic properties. Also more bleeding was 

seen in the episodic treatment group. Almost all occurred while receiving adequate 

anticoagulation therapy. Nevertheless, amiodarone is known to increase serum 

levels of anticoagulants. Although patients were carefully surveyed through the 

thrombosis service, especially when discontinuing or restarting amiodarone, this 

episodic treatment strategy may have induced significant INR instability compared to 

continuous amiodarone treatment. 

Continuous treatment tended to be more effective in preventing accepted atrial 

fibrillation after 2 years of follow-up. This difference can possibly be attributed to 

more electrical cardioversions in the episodic treatment group and the unwillingness 

of patients to undergo any more electrical cardioversions. In the continuous 

treatment group, most patients were taking amiodarone at the time of a recurrence 

of atrial fibrillation. 

We used amiodarone and desethylamiodarone serum levels to differentiate between 

effective and ineffective amiodarone dosages at the moment of a relapse. Indeed, the 

relationship between serum concentrations of amiodarone and desethylamiodarone 

and clinical efficacy is not well established. It has been suggested that effective levels 

for treatment of atrial arrhythmias with amiodarone are a sum of the amiodarone 

and desethylamiodarone levels between 1 and 2 mg/L.24 Several investigators, 

however, have demonstrated only a weak or even an absent concentration 

effect relation, 25•26 whereas others found a clear concentration-related effect of 

amiodarone on QT-interval prolongation, slowing of heart rate, and suppression 
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of ventricu lar a rrhythmias.21,28 We previously showed that for conversion of atrial 

fi bri l lation, serum concentrations of desethylamiodarone were more important than 

those of the parent compound. I n  contrast, reduction of the ventricu lar rate during 

atria l  fibri l l ation was correlated with serum leve ls of amiodarone itself.28 The rate 

of mainta ined sinus rhythm in the continuous treatment group is consistent with 

figures from previous studies done with (continuous) amiodarone treatment.10,11 

Is there sti l l  a role for amiodarone prophylaxis in atria l  fibri l lation and should it 

a lways be admin istered continuously? To start with, patient preference together with 

the evidence-based physician's opinion shou ld  play a role in  choosing any treatment 

strategy. Rhythm control is the most frequent strategy in patients with symptomatic 

atrial fibri l l ation. Pharamcologica l rhythm control is the first choice, but atria l  

catheter ab lation may be performed after fa i lu re of  on ly 1 antia rrhythmic drug.29 

Clearly, this does not apply to a l l  patients. Atrial catheter ablation is most effective 

for pa roxysmal atria l  fi bri l l ation and less effective for persistent atria l  fibri l lation, 

especia l ly in the setting of underlying d iseases. Furthermore, atria l ab lation may 

cause adverse events in as many as 6% of patients,30 which may cause patients to 

refra in from selecting this therapy. Alternatively, amiodarone may be instituted after 

fa i lu re of other antiarrhythmic drugs. On the basis of the primary outcome of this 

study, physicians shou ld  not advise episod ic amiodarone treatment as a first option, 

because not only more frequent electrica l cardioversions are a problem but a l so 

underlying heart d isease-re lated events occur more frequently whi le the risk for 

amiodarone-related adverse events may not be less. I n  c l in ical practice, however, 

patients may choose episodic treatment because it potentia l ly produces fewer 

amiodarone-related adverse events, whi le expecting fewer underlying heart d isease

re lated adverse events and accepting that more frequent admissions for electrica l 

ca rd ioversions are needed . This may hold for younger patients with less severe 

underlying d isease. Thus, for c l in ical decision making, balancing the positive and 

negative aspects of each strategy should be done on an  individua l  basis and shou ld 

inc lude patient preference. 

There are severa l l imitations to this study. The study was relatively smal l  and fol low

up was fa irly short. Therefore, the present data should be regarded as a pre l iminary 

contribution. Clearly, more study on this issue is needed . A longer fol low-up period 
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might have exposed a higher rate of amiodarone-related events as well as a further 

decrease in maintenance of sinus rhythm. More amiodarone-related events could 

hold especially true for those in the continuous treatment group, which may be 

counterbalanced by a greater rate of heart disease-related events in the episodic 

treatment group. The study was unblinded. The primary end point consists ot 

outcomes with widely varying clinical importance. Weighting of the end points 

was done by the secondary end point that investigated cardiovascular end points 

necessitating hospitalization, even though our study was not specifically designed 

for this purpose. Clearly, this secondary end point analysis might have favored 

continuous treatment. 

In conclusion, in the study population, there was no difference in the composite of 

amiodarone and major cardiac adverse events between groups assigned to either 

episodic or continuous amiodarone treatment. However, patients in the episodic 

treatment group had a significantly increased rate of atrial fibrillation recurrence and 

a significantly higher rate of all-cause mortality and cardiovascular hospitalizations. 
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In their trial of treatment to prevent atrial fibrillation, Dr Ahmed and colleagues1 

reported more atrial fibrillation recurrences, all-cause mortality, and bleeding 

complications in patients with atrial fibrillation undergoing electrical cardioversion 

who were randomized to receive episodic amiodarone treatment compared with 

those who received continuous treatment. However, there are several issues that 

may have affected the validity of the conclusions. 

The authors reported unadjusted survival curves for all the prespecified end points. 

However, the episodic group had significantly larger left atria {P=.01 for the long 

axis measurements), and atrial size has been shown to predict atrial fibrillation 

recurrences.2 Therefore, the higher atrial fibrillation recurrence rate in that group 

cannot be attributed solely to the different treatment strategy. 

Moreover, the choice of a high intensity of anticoagulation (targeted international 

normalized ratio [ INR] between 2.5 and 3.5),3 and the lack of data on the INR 

values achieved in both treatment groups, may have affected both the bleeding 

complications and the all-cause mortality rates. There is no increase in anticoagulant 

efficacy at INR levels greater than 3, while bleeding complications (including fatal 

bleedings) increase significantly.3 

Since the chronic use of amiodarone carries significant adverse effects, the issue of 

the efficacy of episodic amiodarone in patients undergoing atrial fibrillation electrical 

cardioversion cannot be considered settled at this time and needs further study. 

Pasquale Santangeli, MD 

Antonio Dell Russo, MD 

Fulvio Bellocci, MD 

Cardiovascular Department, Catholic University 

Rome, Italy 
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There are several items that could clarify the outcomes and conclusions of the study 

of amiodarone in patients with atrial fibrillation by Dr Ahmed and colleagues.1 It 

would be helpful to understand whether the patients in the study were receiving 

or had received alternative antiarrhythmic drugs during the initial screening and, if 

they were discontinued before starting amiodarone. It is not clear if patients with 

coronary artery bypass grafting or patients with postoperative atrial fibrillation were 

included in the study. Further explanation would be useful regarding how patients 

who experienced a recurrence of asymptomatic atrial fibrillation were detected 

other than during the visits. 

In addition, it would be valuable to know if there was any difference in the incidence 

of recurrence in patients using angiotensin-converting enzyme (ACE) inhibitors 

or angiotensin II receptor blockers who were concomitantly being treated with 

amiodarone. Patients treated with amiodarone plus irbesartan may have a lower 

rate of recurrence of atrial fibrillation than patients treated with amiodarone alone.2 

Finally, because the study focused on prevention of atrial fibrillation, we would like 

to know if the authors considered factors that may help identify patients at risk for 

transition from paroxysmal atrial fibrillation to chronic atrial fibrillation, such as 

P-wave-triggered, signal-averaged electrocardiogram.3 

Madhavi Bollu, MD 

Department of Medicine, Salem Veterans Affairs Medical Center 

Salem, Virginia 

Edward L. Arsura, MD 

Department of Internal Medicine, Richmond University Medical Center 

Staten Island, New York 
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As noted by Dr Santangeli and colleagues, the episodic amiodarone treatment 

group had significantly larger left atria compared with the continuous amiodarone 

treatment group. On the other hand, a nonsignificantly greater number of patients 

in the episodic amiodarone group were using ACE inhibitors, with comparable blood 

pressure measurements at baseline and history of hypertension. Along with smaller 

atrial size, the use of ACE inhibitors and angiotensin II recepter blockers are predictors 

for sinus rhythm maintenance in union with amiodarone therapy.1 Statins may 

also play a role in prevention of atrial fibrillation due to pleiotropic effects such as 

attenuation of inflammation and antioxidant effects.2 We are currently conducting a 

subanalysis to find predictors for the maintenance of sinus rhythm in both treatment 

groups. 

Bleeding complications occurred more often in the episodic amiodarone treatment 

group. We conducted our study in the Netherlands, and the Dutch guidelines state 

that for atrial fibrillation the target INR should be maintained between 2.5 and 3.5 .3 

Use of vitamin K antagonists can result in fluctuating INR values and amiodarone 

therapy further reinforces the anticoagulant effect. All efforts were made to ensure 

adequate anticoagulation therapy through the Dutch thrombosis service. Instead 

of single INR values, the time spent by individual patients in therapeutic range is 

far more informative.4 Because amiodarone reinforces the anticoagulant effect, it is 

conceivable that dose changes and restarting and discontinuing amiodarone would 

influence time in the therapeutic range, which would work in favor of continuous 

amiodarone treatment. With currently available anticoagulation therapy, the 

only option to ensure adequate anticoagulation is careful monitoring through the 

thrombosis service. 

In response to Dr Bollu and colleagues, patients were included with a recurrence of 

persistent atrial fibrillation and most had undergone previous electrical cardioversion 

before inclusion and treatment with at least one antiarrhythmic drug. In line with the 

guidelines, amiodarone therapy was not started as first-line pharmacological rhythm 

control therapy.5 Antiarrhythmic drugs used at the time of screening were always 

discontinued prior to starting amiodarone therapy. Patients with postoperative 

atrial fibrillation were not included. Patients were not aggressively monitored for 

asymptomatic relapses. We believe that it is likely that we did not miss recurrences 

so 
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due to the nature of persistent atrial fibrillation, because it does not spontaneously 

convert to sinus rhythm and atrial fibrillation will still be present at the next visit. 

Our study cannot help identify patients at risk for transitioning from paroxysmal 

to chronic atrial fibrillation since it did not include patients with paroxysmal atrial 

fibrillation. We defined inclusion atrial fibrillation (i.e. permanent atrial fibrillation) 

as a recurrence of persistent atrial fibrillation while having adequate (desethyl) 

amiodarone serum levels of more than 2 mg/L, reflecting amiodarone therapy failure. 

In this light it would be interesting to investigate predictors that identify patients at 

risk for failing amiodarone therapy. 
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Groningen, the Netherlands 

Harry J. G. M Crijns, MD 

Department of Cardiology, Maastricht University Medical Center 

Maastricht, the Netherlands 

Isabelle C. Van Gelder, MD 

Department of Cardiology, University Medical Center Groningen 

Groningen, the Netherlands 

51 



Chapter 2 

References 

52 

1. Yin Y, Dalal D, Liu Z et al. P rospective randomized study comparing amiodarone vs. amiodarone 
plus losartan vs. amiodarone plus perindopril for the prevention of atrial fibrillation recurrence 
in patients with lone paroxysmal atrial fibrillation. Eur Heart J. 2006;27(15):1841-1846. 

2. Van Gelder IC. Rhythm control for atrial fibrillation: non-channel antiarrhythmic drugs are en 
vogue. Cardiovasc Res. 2007;74(1):8-10. 

3. Loeliger EA. Therapeutic target values in oral anticoagulation--justification of Dutch policy and 
a warning against the so-called moderate-intensity regimens. Ann Hemato/. 1992;64(2):60-65. 

4. Connolly SJ, Pogue J, Eikelboom J et al. Benefit of oral anticoagulant over antiplatelet 
therapy in atrial fibrillation depends on the quality of international normalized ratio control 
achieved by centers and countries as measured by time in therapeutic range. Circulation. 
2008; 118( 20) :2029-203 7. 

5. Fuster V, Ryden LE, Cannom OS et al. ACC/AHA/ESC 2006 guidelines for the management 
of patients with atrial fibrillation-executive summary: a report of the American College of 
Cardiology/American Heart Association Task Force on practice guidelines and the European 
Society of Cardiology Committee for P ractice Guidelines (Writing Committee to Revise 
the 2001 Guidelines for the Management of P atients with Atrial Fibrillation). Eur Heart J. 
2006;27(16):1979-2030. 



3 
Amiodarone Continuation or Withdrawal 

after Long-term Sinus Rhythm in Patients 

with a H istory of Persistent Atria l  F ibri l lation. 

A Randomized Study 

Sheba Ahmed, Hessel F. Groenveld, Marcelle D. Smit, Dirk J. van Veldhuisen, 

Isabelle C. van Gelder 

Submitted 



Chapter 3 

Background Outcome of withdrawal of amiodarone therapy after long-term 

restoration of sinus rhythm in patients with persistent atrial fibrillation (AF) has not 

been investigated. Our aim was to investigate if amiodarone can be discontinued in 

successfully treated persistent AF patients. 

Methods We randomly assigned patients with persistent AF and successfully 

maintained sinus rhythm for at least 6 months on amiodarone to withdrawal or 

continuation of amiodarone. The primary endpoint was time to first AF recurrence. · 

Results Out of 303 patients screened, only 37 (12%) could be randomized. Major 

reasons for exclusion were unwillingness to discontinue amiodarone and recurrence 

of AF < 6 months. Mean age was 65±9 years and mean sinus rhythm duration on 

amiodarone of 1.8±1.2 years. After a mean follow-up of 1.6±0.6 years, more patients 

in the withdrawal group had AF recurrence (14 [82%] versus 9 [45%] patients, 

p=0.002). Mean time to first AF recurrence was shorter in the withdrawal group 

(0.8±0.5 versus 1.3±0.7 years, p=0.03). Most first recurrences in the withdrawal 

group (9 out 14 patients, 64 %) occurred < 1 year after amiodarone discontinuation. 

At the time of AF recurrence amiodarone and desethylamiodarone serum levels 

were lower in the withdrawal group (0.2 [0.1-1.2] versus 0.8 [0.1-2.2] mg/L, p=0.04, 

and 0 .1 [0.1-0.8] versus 0.7 [0.1-1.2] mg/L, p=0.04). 

Conclusions In patients with previous persistent AF and subsequently long-term 

sinus rhythm on amiodarone, AF recurrences occurred frequently after withdrawal of 

amiodarone, but also during continuation of amiodarone. Thus, amiodarone cannot 

be discontinued in persistent AF patients. 
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Successful pharmacological rhythm control in persistent atrial fibrillation (AF) remains 

difficult to achieve.1 Amiodarone is clinically the most effective antiarrhythmic 

drug for maintaining sinus rhythm with approximately 60% of patients still in sinus 

rhythm after 2 years of follow-up.2•7 The effectiveness of amiodarone and other 

antiarrhythmic drugs is, however, counterbalanced by (non-) cardiac adverse events 

often precluding long-term prophylactic therapy.8 Therefore, it has been questioned 

whether antiarrhythmic drugs can be discontinued in patients maintaining sinus 

rhythm during long-term follow-up. Hypothetically, during long-term sinus rhythm 

recovery from remodeling may occur due to restoration of sinus rhythm. Clinically, 

this was demonstrated by several studies investigating recovery from electrical and 

contractile remodeling.9• 10•11 Experimentally, however, reduction but not complete 

restoration of remodeling was demonstrated.12 I n  this recovery process amiodarone 

has been reported to have additional beneficial effects.13•14 

Outcome of withdrawal of antiarrhythmic drug therapy after long-term restoration 

of sinus rhythm has not been investigated before. The aim of this study was therefore 

to investigate if amiodarone can be discontinued after long-term successful therapy 

in persistent AF patients. 
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Methods 

Study design 

This was a prospective, randomized, open label study comparing withdrawal 

or continuation of amiodarone in patients with a history of persistent AF and 

successfully maintained sinus rhythm for at least 6 months on amiodarone therapy 

(clinical trial registration with www. clinicaltrials.gov; identifier NCT00845780). The 

study was conducted at the University Medical Center Groningen, Groningen, The 

Netherlands. The institutional review board approved the study protocol, and all 

patients gave written informed consent. The study was conducted from July 2000 

until April 2009. Enrollment and study design are shown in F igure 1. Eligibility criteria 

were: a history of persistent AF necessitating at least one electrical cardioversion 

(ECV), sinus rhythm for at least 6 months while on amiodarone therapy (maintenance 

dose 200 mg daily), and no adverse events related to amiodarone therapy. Reasons 

for exclusion were: New York Heart Association (NY HA) class Ill or IV for heart 

failure, unstable angina pectoris, hemodynamically significant valvular disease, 

myocardial infarction, percutaneous coronary intervention, coronary artery bypass 

grafting or other (major non-)cardiac surgery within the last 3 months. Patients were 

randomized in an open label fashion to undergo either an amiodarone withdrawal 

or an amiodarone continuation strategy. Follow-up outpatient visits occurred every 

6 months until a total follow-up of 2 years. At screening, haemoglobin, sodium and 

potassium serum levels, renal function, liver functions and thyroid functions were 

measured, and a chest X-ray and a transthoracic echocardiogram were done. Chest 

X-rays were repeated once a year. At each visit, symptoms, physical examination, a 

12-lead electrocardiogram, laboratory tests and (desethyl)amiodarone serum levels 

were performed. At all follow-up visits the actual rhythm was assessed using 12-

lead electrocardiograms. A 12-lead electrocardiogram was also performed in case 

of symptoms suggestive for a recurrence of AF. If AF had recurred, a 24-hour Holter 

monitoring was performed to document the presence of persistent AF. 

If a recurrence of persistent AF had been demonstrated amiodarone and 

desethylamiodarone serum levels were determined. If the sum of the serum levels 

was inadequate (< 2 mg/L) patients were re-loaded with amiodarone (600 mg daily 

for 4 weeks) and underwent a re-ECV, as described previously.5 After achieving 
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sinus rhythm maintenance dose was lowered to 200 mg daily. If an AF recurrence 

occurred under adequate serum levels (;?! 2 mg/L), a re-ECV to achieve sinus rhythm 

was deemed to be not reasonable. AF was accepted and rate control therapy was 

instituted. AF could also be accepted at the request of the patient if AF recurrence 

was asymptomatic and the patient did not want to undergo a re-ECV. Follow-up 

visits at the outpatient department were always continued according to the protocol 

irrespective of rhythm. 

All amiodarone-related adverse events were recorded and included: cardiovascular 

events (symptomatic sinus bradycardia < 40 beats per minute, sinus arrest > 

4 seconds, atrioventricular conduction disturbances necessitating pacemaker 

implantation or ventricular proarrhythmia), hyperthyroidism (thyroid stimulating 

hormone [TSH] 50% below lower limit and free thyroxine [FT4] and triiodothyronine 

[FT3] above normal ranges), hypothyroidism (repeated elevated TSH 50% above the 

upper limit and decreasing FT4 and FT3 or elevated TSH in presence of complaints due 

to hypothyroidism), pulmonary toxicity (respiratory symptoms and new chest X-ray 

findings), hepatic toxicity (threefold elevation in hepatic transaminases from normal 

value range), dermatological complications (non-photosensitive rash and bluish 

discolouration), ophthalmologic complications (blurred or nocturnal halo vision or 

other visual complaints), neurological complications (tremor, ataxia/gait disturbance, 

numbness/tingling and severe insomnia) and gastrointestinal complications (severe 

nausea, vomiting, diarrhea or constipation). 

The primary endpoint was defined as the first recurrence of persistent AF during 

study follow-up documented on a 24-hour Holter monitoring. 

Statistical analysis 

Baseline descriptive statistics are presented as the mean (±SD) or median (range) 

for continuous variables, and numbers with percentages for categorical variables. 

The patient characteristics at baseline and during follow-up were compared with chi

square and t-tests. For time to first AF recurrence, Kaplan-Meier estimates were used 

and were compared by the log-rank test. P value of < 0.05 was deemed statistically 

significant . All analyses were based on the intention-to-treat principle. The statistical 

analyses were carried out using the statistical program SPSS, version 16.0 (SPSS Inc, 

Chicago, Illinois). 
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Results 

A total of 303 out of 844 consecutive persistent AF patients were on current 

amiodarone treatment for rhythm control and were screened for inclusion. In total 

266 patients were excluded. This was done due to amiodarone-related serious 

adverse events (n=59), unwillingness to withdraw amiodarone therapy (n=47) 

or recurrent AF (n=160) (Figure 1). Table 1 shows the baseline characteristics. No 

significant differences between both groups were present. 

Patients seen for rhythm 
control at AF clinic 

(n=844) 

Patients with present 
amiodarone prescription 

(n=303) 

Patients excluded (n=266) 
-Serious adverse events (n=59) 

,__ ______ :: -Unwillingness to discontinue amiodarone (n=47) 
-Recurrence AF < 6 months (n=160) 

'" 
Patients randomized 

(n=37} 

Amiodarone withdrawal 
(n=17) 

Amiodarone continuation 
(n=20) 

Figure 1. Incl usion Flow Chart 
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Table 1. Patient baseline characteristics 
Amiodarone Amiodarone P-value 
withdrawal continuation 

(n=17) (n=20) 
Age (years) 66±8 64±9 0.5 
Male, n (%) 12 (71%) 17 (85%) 0.3 
Total AF duration (years) 4.5 (0.9-13.1) 4.0 (0.8-15.8) 0.8 
Number of previous electrical cardioversions 2 (1-9) 2 (1-8) 0.4 
Duration present episode of SR on amiodarone (years) 2.1 (0.6-4.4) 1.2 (0.6-4.7) 0.3 
CHADS2 score 1 (0-4) 1 (1-4) 0.3 
Underlying diseases 

Hypertension, n (%) 14 (82%) 18 (90%) 0.5 
Coronary artery disease, n (%) 2 (12%) 2 (10%) 0.9 
Valve disease, n (%) 3 (18%) 2 (10%) 0.5 
Cardiomyopathy, n (%) 1 (6%) 3 (15%) 0.3 
Diabetes mellitus, n (%) 1 (6%) 3 (15%) 0.4 

History of stroke, n (%) 2 (12%) 4 (20%) 0.5 
History of COPD, n (%) 3 (18%) 3 (15%) 0.8 
Systolic blood pressure (mmHg) 139±16 137±19 0.8 
Diastolic blood pressure (mmHg) 76±10 77±10 0.8 
Left atrial size, long axis (mm) 46±7 46±9 0.9 
Left atrial size, apical view (mm) 64±6 69±10 0.1 
Left ventricular end-diastolic diameter (mm) 52±7 51±5 0.7 
Left ventricular end-systolic diameter (mm) 33±8 32±6 0.7 
Fractional shortening (%) 38±9 38±8 0.9 
Body mass index (kg/m2 ) 29±5 29±4 0.8 
Amiodarone serum level (mg/L) 1.2±0.4 1.0±0.3 0.1 
Desethylamiodarone serum level (mg/L) 0.8±0.2 0.7±0.2 0.2 
Medication at screening 

Beta blocker, n (%) 6 (35%) 12 (60%) 0.1 
ACE-I ,  n (%) 8 (47%) 14 (70%) 0.2 
ARB, n (%) 4 (24%) 4 (20%) 0.8 
Verapamil or diltiazem, n (%) 6 (35%) 7 (35%) 1.0 
Statin1 n {%} 6 {35%} 6 {30%} 0.7 

ACE-l=Angiotensin Converting Enzyme-Inhibitor; AF= atrial fibrillation; ARB=Angiotensin I I  
receptor blocker; CHADS2

= Congestive heart failure, Hypertension, Age> 75 years, Diabetes 
Mellitus and Stroke; COPD=chronic obstructive pulmonary disease 

AF recurrence 

After a mean fol low-up of 1 .6±0.6 yea rs, a recurrence of AF occurred in 14 (82%) 

of the patients in the amiodarone withdrawa l group compared with 9 (45%) in 

the continuation group (p=0.002) (F igure 2). Mean time to first AF recurrence was 
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significantly shorter in the withdrawal group compared with the continuation group 

(0.8±0.5 versus 1.3±0.7 years, p=0.03). Most first AF recurrences (9 out of 14 [64%]) 

in the withdrawal group occurred within one year after withdrawal of amiodarone. 

At the time of AF recurrence, the amiodarone withdrawal group had significantly 

lower median amiodarone and desethylamiodarone serum levels compared with the 

amiodarone continuation group (0.2 [0.1-1.2] mg/L versus 0.8 [0.1-2.2] mg/L, p<0.01 

and 0.1 [0.1-0.8] mg/L versus 0.7 [0.1-1.2] mg/L, p<0.01, respectively). Eight patients 

were re-loaded with amiodarone and converted chemically (n=3) or underwent 

successful electrical cardioversion (n=S). In both the withdrawal and continuation 

groups, most patients encountered only one recurrence during follow-up (n=8 versus 

n=7, p=ns). Three out of 20 (15%) patients in the continuation group had an AF 

recurrence under adequate (desethyl)amiodarone serum levels. 

1 ,0 ......----,.--------, 

a, 0,8 
c., 
C: 
C: 

£ 0,6 

E 
E 

f 0,4 

rn 
::::s 
C: 

en 0,2 

..__ _____ Amiodarone continuation 

..__ _____ Amiodarone withdrawal 

Log rank p=0.002 

0,0 -+----------,---------.---------, 
0,0 

No of patients 

Continuation 20 

Withd rawal 17 

0,5 

16 

11 

Fol low-up (years) 

1 ,0 

11 
4 

1 ,5 

8 

2 

Figure 2. Primary endpoint: Time to first persistent atrial fibrillation recurrence in amiodarone 

withdrawa l and continuation group 
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Amiodarone-related adverse events 

Amiodarone-related adverse events occurred in both groups, in 5 (30%) versus 8 

(40%), p=ns, respectively (Table 2) . None of the patients encountered lung toxicity 

during this relatively short follow-up. Adverse events occurred at comparable times 

in the withdrawal versus continuation group (0 .5 [0.1-0.9] years versus 0.8 [0 .1-1.6] 

years, p=ns). 

Table 2. Amiodarone-related adverse events in both strategies 
Adverse event 

Amiodarone-related thyrotoxicosis 
Amiodarone-related hypothyroidism 

Symptomatic sinus bradycardia 
Dermatological complications 

Discussion 

Amiodarone 
withdrawal 

(n=17) 
4 (24%) 
1 (6%) 

Amiodarone 
continuation 

(n=20) 
6 (30%} 

1 (5%) 
1 (5%) 

We found that AF recurrences occurred frequently after withdrawal of amiodarone 

in patients with previous persistent AF and subsequently long-term sinus rhythm 

on amiodarone, but during continuation of amiodarone relapses also frequently 

recurred. 

Withdrawal of amiodarone therapy 

Tolerability and safety of antiarrhythmic drugs are a major clinical problem. Studies 

investigating the option to discontinue antiarrhythmic drugs after long-term 

maintenance of sinus rhythm are therefore of interest .1s Reversal of electrical, 

contractile and structural remodeling may remove the necessity to continue 

potentially harmful medication.1s It has been shown that early repeated ECV by 

itself is not sufficient to revert the remodeling process to sustain sinus rhythm.16
•

17 

Clinical evidence of reversal of electrical remodeling was, however, demonstrated by 

Tieleman and colleaugues, showing that flecainide could recover its antiarrhythmic 

conversion activity in patients with persistent AF who could previously not be 

converted chemically. 18 Other studies demonstrated improvement of contractile 
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remodeling in case of persistent sinus rhythm after ECV or ablation.10,11 Clinical 

evidence for recovery from structural remodeling is not present. In the present 

study, despite maintaining long-term sinus rhythm while treated with amiodarone 

prophylactically, recurrent AF ocurred in the majority of patients: in 82% of the 

patients in whom amiodarone was withdrawn as compared with 45% of the patients 

who continued amiodarone. Thus, even the combination of long-term sinus rhythm 

and continuous amiodarone therapy could not reverse remodeling sufficiently 

to maintain sinus rhythm during long-term follow-up. This is in contradiction with 

data from animal models in which amiodarone could prevent and reverse electrical 

and structural remodeling.13• 14 Why was there a discrepancy between the observed 

experimental data and our clinical study? First, amiodarone dosages used in both 

experimental studies were significantly higher than used in clinical practice and thus 

in our study. Second, in the animal models AF is initiated by a defined stimulus (rapid 

pacing) compared to patients where the cause of AF is likely to be heterogeneous 

and progressive. Third, and probably most important, in the present patient group 

reversal of remodeling either did not occur or was not strong enough to prevent 

recurrences of AF, and even in patients on continuous amiodarone therapy a high AF 

recurrence rate was observed. This was probably due to the long AF history (more 

than 4 years) and the substantially enlarged atrial size, i.e. high burden of underlying 

structural disease.19•20 This rendered the remodeling processes irreversible in our 

patients. 

Amiodarone and long-term sinus rhythm maintenance 

Amiodarone is effective for the prevention of AF recurrences, being the most 

effective antiarrhythmic drug.2-7 Even on continuous amiodarone therapy, however, 

only approximately 60% of patients have been reported to be in sinus rhythm after 

2 years.2
•
3

•
5 This may be caused by the fact that amiodarone is not the first choice 

antiarrhythmic drug and is often started in patients with advanced AF burden, i.e. 

advanced atrial remodeling, as was the case in our patients.21 Even in the present 

study, in the amiodarone continuation group almost 50% of patients encountered an 

AF recurrence. This result underlines the fact that in patients with a long AF history, 

antiarrhythmic drugs and even the most effective drug amiodarone can only delay 
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the recurrence of AF but cannot prevent it. Future studies may help to elucidate the 

question whether antiarrhythmic drugs in patients with less severe AF substrate, e .g .  

in  combination with upstream therapy may have more beneficial effects on reversal 

of atrial remodeling and, in turn, sinus rhythm maintenance.22-26 

Difficulty to include patients 

We had difficulty to include patients. This may in part relate to the severity of AF in 

the present patient population . We had to find patients who maintained long-term 

sinus rhythm on amiodarone, and were willing to discontinue the drug. Even though 

we screened 303 patients in our AF clinic, only a minority eventually participated. 

A significant number of patients had already progressed to permanent AF despite 

amiodarone therapy, or had discontinued amiodarone therapy because of adverse 

events . Inclusion was further hampered because patients, who were successfully 

treated with amiodarone and did not experience any adverse event, were often 

unwilling to withdraw amiodarone therapy. 

Study limitations 

We studied a very small population, despite the significant number of patients we 

screened. This small number of patients restricted statistical analyses and limits the 

applicability of our results to a larger persistent AF population. Our patient group was 

clearly a positive selection of patients with a favourable rhythm control outcome on 

amiodarone therapy. In addition, our included patients did not previously experience 

adverse effects on amiodarone therapy. We included patients with a relatively higher 

burden of underlying structural disease and long AF duration, which was reflected 

in the high AF recurrence rate in patients on continuous amiodarone therapy. 

Therefore, these data do not apply to patients with early AF and patients with less 

severe underlying disease burden . In addition, patients may have had asymptomatic 

AF recurrence, which were not detected since the possibilities of telemonitoring were 

less advanced at the time when the study was conducted compared to nowadays. 
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Conclusions 

We found that AF recu rrences occurred frequently after withdrawal of a miodarone 

i n  patients with previous persistent AF and su bseq uently l ong-term s inus rhythm 

on amiodarone. During contin uation of  amiodarone, however, re la pses were a lso 

frequent. This p robab ly relates to adva nced atria l  structura l  remodel ing being 

present before start of therapy. This study a lso h igh l ights that a miodarone-related 

adverse effects may occur ea rly after d iscontinuation, which may be of im porta nce 

for c l in icians to consider. 
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Background Amiodarone is frequently associated with thyroid dysfunction. 

Identifying predictors for amiodarone-associated thyroid dysfunction and assessing 

treatment outcome may aid clinicians in daily practice. 

Patients and Methods We included 303 consecutive patients with amiodarone 

therapy for cardiac arrhythmias (260 with atrial fibrillation and 43 with ventricular 

arrhythmias} .  Thyroid function tests were performed every six months. 

Results Mean age was 63± 12 years and 66% was male. After median follow-up of 

3.3 (0.1-24} years, 23 (8%} patients developed amiodarone-associated thyrotoxicosis 

(incidence rate 1.9 per 100 person years} and 18 (6%} hypothyroidism (incidence rate 

1.1 per 100 person years} .  Five out of 23 (22%} patients with thyrotoxicosis exhibited 

spontaneous normalization of thyroid function on continuation of amiodarone 

therapy. Mean time to normalization in the total group was 6.2±3.3 months, with no 

difference between continuing or discontinuing amiodarone (6.6±3.8 versus 5.8±2.8 

months, p=0.5}. The only predictor for amiodarone-associated thyrotoxicosis was age 

< 62 years (HR=2.4 [95% Cl 1.0-5.7), p=0.05}. Predictors for amiodarone-associated 

hypothyroidism were thyroid stimulating hormone > 1.4 mU/L at baseline (HR=5.1 

[95% Cl 1.1-22.4], p=0.03}, left ventricular ejection fraction < 45% (HR=3.8 [95% 

Cl 1.1-13.3], p=0.04} and diabetes mellitus at baseline (HR=3.3  [95% Cl 1.1-10.3] , 

p=0.04}. Gender was not a predictor for amiodarone-associated thyroid dysfunction. 

Conclusions During median follow-up of 3.3 years, the incidence of amiodarone

associated thyrotoxicosis was higher compared to hypothyroidism. Only general 

predictors for amiodarone-associated thyroid dysfunction were observed. 

Discontinuation of amiodarone did not influence treatment outcome. 
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Amiodarone has been shown to be superior to other drugs in maintaining sinus rhythm 

in patients with persistent atrial fibrillation (AF), and to be safe in patients with left 

ventricular dysfunction and post myocardial infarction (1-5). It is, however, associated 

with many cardiac and non-cardiac adverse events, the most prevalent being thyroid 

dysfunction (6,7). The occurrence of amiodarone-associated thyroid dysfunction is 

of great clinical importance as it can cause major adverse cardiovascular events such 

as recurrence of arrhythmias and heart failure (8-12). There is conflicting evidence 

whether amiodarone-associated thyroid dysfunction occurs after longer amiodarone 

exposure and with higher (cumulative) dosages (7,13,14). The incidence of 

amiodarone-associated thyrotoxicosis and hypothyroidism differs between different 

parts of the world, partly due to ambient iodine intake (15-17). In Europe, iodine 

intake is low to moderate rendering patients more sensitive to effects of exogenous 

iodine and resulting in a higher incidence of amiodarone-associated thyrotoxicosis 

(18). Monitoring patients for amiodarone-associated thyrotoxicosis is difficult as it 

often has a sudden and explosive onset (16). Treatment of amiodarone-associated 

thyrotoxicosis also remains a challenge as it is based on the different pathogenesis 

of the two sub-types. Diagnostic tests such as iodine uptake scans and colour flow 

Doppler sonography can be used in addition to history, physical examination and 

laboratory tests for distinction between the two types (19). In clinical practice, 

however, the distinction is not straightforward and mixed forms often exist (20). 

Antithyroid drugs are used in the current treatment of type I but with varied success 

(17,18). Discontinuation of amiodarone is recommended if possible (19). Type II is 

treated with prednisone and amiodarone can often be continued (21,22). It is not 

known whether risk factors exist for development of amiodarone-associated thyroid 

dysfunction. 

Therefore, we assessed patients treated with amiodarone for the incidence of 

and predictors for amiodarone-associated thyrotoxicosis and hypothyroidism. 

Thyroid function tests were performed every six months according to the American 

endocrinologists guidelines (23). In addition, we assessed clinical characteristics and 

treatment outcome of patients with amiodarone-associated thyroid dysfunction. 
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Methods 

Patients 

We identified 504 consecutive patients from 1984 to 2007 on first time amiodarone 

treatment for documented cardiac arrhythmias in a prospectively set-up database. 

Data was retrieved retrospectively. Thyroid function tests at baseline prior to 

amiodarone initiation were available in 303 patients, 260 (86%) patients with 

persistent AF and 43 (14%) with ventricular arrhythmias. In the remaining 201 

patients thyroid function tests were not performed prior to amiodarone initiation, or 

had thyroid function tests in the subclinical range and were therefore excluded from 

the analysis. Patient charts in the Department of Cardiology at the University Medical 

Center Groningen, the Netherlands were screened. 

Amiodarone dosage 

Before amiodarone treatment was started, a history, physical examination, a chest 

x-ray and an electrocardiogram were available. Patients with persistent AF were 

loaded with 600-800 mg oral amiodarone daily for 4 weeks and daily dose was 

lowered to 200 mg. For ventricular arrhythmias, patients were loaded with 800-1200 

mg oral amiodarone for 4 weeks. Maintenance dose was lowered to 200-400 mg. 

During follow-up, maintenance dose of amiodarone was temporarily increased if 

inadequate suppression of ventricular arrhythmias occurred. In case of high serum 

levels and adequate arrhythmia suppression daily amiodarone dose was lowered. It 

was left up to the treating physician and patient whether cessation of amiodarone 

was indicated in case of an occurrence of an amiodarone-related adverse event. 

Follow-up 

During follow-up, patients were seen according to standard clinical practice, at least 

every 6 months. During follow-up, thyroid function, renal function and liver function 

tests were evaluated in addition to amiodarone and desethylamiodarone serum 

levels. Duration of follow-up was computed from the start of amiodarone until death, 

or to the date when the last follow-up data was obtained. The cumulative amiodarone 

dosage was calculated as the summation of all daily amiodarone dosage, in grams. 
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Patients with increased TSH > 7.2 mU/L were referred to an endocrinologist. In case 

of symptoms patients were started on levothyroxine therapy and in case of lack of 

symptoms patients were monitored for TSH after 6 weeks and 3 months. Patients 

were also referred to an endocrinologist when thyroid stimulation hormone (TSH) 

was below 0.03 mU/L with increased free thyroxine (FT4) values and those who 

had repeated TSH values between 0.03 and 0.4 mU/L. Patients were assessed for 

family history of thyroid disease in addition to clinical and physical symptoms of 

amiodarone-associated thyroid dysfunction. In addition, thyroid antibodies were 

measured and iodine uptake scans were performed if sufficient distinction between 

type I and II could not be made on the basis of history and physical examination. 

Type II amiodarone-associated thyrotoxicosis was present in case of negative family 

history of thyroid disease, absence of thyroid antibodies and no iodine uptake on 

iodine uptake scan. In general, treatment of type II consisted of prednisone. In case 

of inadequate treatment response thiamazole was added. In severe biochemical 

and/or clinical thyrotoxicosis or undefined type of thyrotoxicosis both drugs were 

given. Potassium perchlorate was further added in case of inadequate treatment 

response. Type I amiodarone-associated thyrotoxicosis was generally treated 

with thiamazole. After treatment evaluation and insufficient effect prednisone or 

potassium perchlorate was added. Achieving euthyroid state was defined by attaining 

TSH levels in the normal range. The treating endocrinologist could deviate from the 

standard treatment protocol if the clinical situation warranted it. An initial wait-and

see approach was often adopted in case of discontinuation of amiodarone and no 

clinical symptoms. Amiodarone was discontinued at the discretion of the treating 

cardiologist. 

Laboratory methods 

Prior to July 1999 normal values for thyroid stimulating hormone (TSH), free 

thyroxine (FT4) and free triiodothyronine (FT3 ) were 0.3-5.0 IU/L, 9.0-26.0 pmol/L and 

3.0-8.4 pmol/L. (Amersham Amerlite® enhanced luminescent immunometry assay 

(Amersham International, Amersham, Bucks, U.K). Between July 1999 and March 

2006 normal values for TSH, FT4 and FT3 were 0.4-7.2 mU/L, 6.3-18.2 pmol/L and 2.4-

6.7 pmol/L respectively. (Delfia® system (PerkinElmer Life and Analytical Sciences, 
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Boston, MA, USA). After March 2006 normal values were 0 .5-4.0 mU/L, 11.0-19.5 

pmol/L and 4.4-6.7 pmol/L, using immunochemiluminometric E-module assay (Roche 

Diagnostics, Indianapolis, IN, USA). The thyroid function tests values were converted 

using a validated method to the values used after March 2006. The following 

formulas were used for TSH: E-module= 1.145 x Delfia+ 0.0018 and Delfia=l.33 x 

Amerlite +0.05. Free thyroxine values were converted using the following formulas: 

E-module=l.223 x Delfia -0.7983 and Delfia=0.72 x Amerlite +1.58. 

Amiodarone-associated thyrotoxicosis was defined as TSH <0.25 mU/L and elevated 

FT4 or FT3 and amiodarone-associated hypothyroidism as TSH >10 mU/L and 

decreased FT4 or FT3' while on amiodarone therapy or � 3 months discontinuation. 

Statistical analysis 

Baseline descriptive statistics are presented as the mean ± standard deviation (SD) or 

median (range) for continuous variables and numbers with percentages for categorical 

variables. Differences between variables in patients who encountered amiodarone

associated thyroid dysfunction (i.e. thyrotoxicosis and/or hypothyroidism) versus 

those who did not were evaluated by Students t-test or Mann-Whitney U-test, 

depending on normality of the data, for continuous data and by Fisher exact test or 

Chi-square test for categorical data. 

Incidence rate per 100 person years were calculated for all amiodarone-associated 

thyrotoxicosis and hypothyroidism. Multivariate stepwise Cox regression analysis was 

performed to determine predictors for the occurrence of amiodarone-associated 

thyrotoxicosis and hypothyroidism compared to patients without any thyroid 

dysfunction. Cut off points of continuous variables were chosen as the median value. 

Variables identified as significant univariate predictors (P � 0.1) were tested in a 

multivariate model. Interaction was investigated. Event-free survival curves were 

constructed. A P-value < 0.05 was considered statistically significant in all analyses. 

The statistical analyses were carried out using the statistical program SPSS, version 

16.0. 
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Results 

Patient characteristics 

Between May 2006 and March 2008, data was retrospectively retrieved regarding 

303 cardiac arrhythmia patients. The patients consisted of 260 (86%) with AF and 43 

(14%) with ventricular arrhythmias. The excluded patients had comparable baseline 

characteristics to patients with available normal thyroid function tests at baseline 

(data not shown). The baseline characteristics of the included patients are shown in 

Table 1. Median total follow-up was 3.3 (0.1-24) years with a median total duration 

of amiodarone use of 1.4 (0.1-24). A total of 41 (14%) patients encountered thyroid 

dysfunction 23 (8%) cases of amiodarone-associated thyrotoxicosis and 18 (6%) cases 

of amiodarone-associated hypothyroidism. 

Patients with thyroid dysfunction had both a longer median follow-up as well as a 

longer median duration of amiodarone use compared to patients who encountered 

no thyroid dysfunction (4.6 (1.0-24] versus 3.2 [0.1-20] years, p=0.003 and 3.2 [0.2-

24] versus 1.4 [0.1-14] years, p<0.001). As a result, median cumulative amiodarone 

dose in the thyroid dysfunction group was also significantly higher compared to the 

no thyroid dysfunction group (212 [23-1,311] versus 90 [2-943] grams, p=0.001). 

Patients with an amiodarone-associated thyrotoxicosis were younger compared to 

patients with an amiodarone-associated hypothyroidism (58±13 versus 65±11 years, 

p=0.07) and had significantly lower median baseline TSH value (1.5 [0.55-9.0] versus 

3.7 [1.1-6.87] mU/L, p< 0.001). During follow-up 47 patients died. 
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...., Table 1. Baseline characteristics 
Total group Amiodarone-associated Amiodarone-associated No-thyroid 

(n=303) thyrotoxicosis hypothyroidism dysfunction � 
(n=23) (n=18) (n=262) .,::. 

Age (years) 63±12 58±13 65±11 63±12 
Male 200 (66%} 15 {65%) 10 (56%) 175 {67%) 

Atrial fibrillation/ventricular arrhythmia 260/43 (86/14%) 20/3 {87 /13%) 14/4 (78/22%) 226/36 (86/14%) 
Total follow-up (years) 3.3 (0.1-24) 5.0 {1.6-13.7) 3.9 (1.2-24) 3.2 (0.1-20)* *  

Total amiodarone duration (years) 1.5 (0.1-24) 3.9 (0.2-8.2) 2.9 (0.2-24) 1.4 (0.1-14)* *  
Total cumulative amiodarone dose (g) 109 {2-1,311) 296 {24-616) 214 (23-1,311) 95 {2-999)* *  

Body mass index (kg/m2) 29±5 27±3 28±5 29±5 
Thyroid stimulating hormone (mE/L) 1.4 (0.4-9.2) 1.5 (0.55-9.0)* 3.7 {1.1-6.87)* 1.7 (0.49-9.2) 

Free thyroxine (pmol/L) 14.6 {9.3-18.7) 14.5 (10.7-17.0) 13.7 (10.0-17.0) 14.8 {9.3-18.7) 
Beta blocker, n (%) 187 (62%) 16 (70%) 10 (56%) 161 (61%) 

* significant difference between amiodarone-associated thyrotoxicosis and hypothyroidism 
** significant difference between no-thyroid dysfunction and amiodarone-associated thyrotocicosis and hypothyroidism 
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Amiodarone-associated thyrotoxicosis 

The incidence rate per 100 person years was 1.9 for amiodarone-associated 

thyrotoxicosis and it occurred throughout follow-up (Figure 1). The median serum 

levels of both amiodarone and desethylamiodarone at the time of event were in the 

normal range (0.8 [0.1-2.2] and 0 .6 [0.1-1.3] mg/L respectively). 

Table 2A and B summarize complaints, diagnostic and treatment data of the patients 

with amiodarone-associated thyrotoxicosis in whom amiodarone therapy was 

either continued or discontinued. Twelve out of the total 23 (52%) patients had 

complaints, mostly palpitations. In five out of 23 (22%) patients thyroid function 

normalized without therapy and continuation of amiodarone therapy after a mean 

of 5.7±2.9 months (Table 2A). Another 7 (30%) patients showed normalization of 

thyroid function after cessation of amiodarone therapy without treatment after 

a mean of 5 .2±3.0 months (Table 2B) .  In the total group, mean time to thyroid 

function normalization was 6.2±3.3 months, with no significant difference between 

amiodarone continuation and discontinuation (6 .6±3.8 versus 5 .8±2 .8 months, 

respectively, p=0.5). Thyroid antibodies were available in half of the patients and 

were only positive in one patient. Iodine uptake scans were available in 12 patients 

showing very low to no uptake . 

Amiodarone-associated hypothyroidism 

The incidence rate per 100 person years was 1.1 for amiodarone-associated 

hypothyroidism . Amiodarone-associated hypothyroidism occurred during the first 

three years of treatment (Figure 1) . Median amiodarone and desethylamiodarone 

serum levels at the time of the event were also in the normal range (1 .2 [0.5-2 .5] 

and 0.8 [0.4-0.9] mg/L respectively). Levothyroxine substitution therapy was started 

in 10 out of 12 (83%) patients, while still on amiodarone therapy. Euthyroid state 

was achieved in all patients while on levothyroxine therapy. In 2 (17%) patients only 

amiodarone was stopped with return to an euthyroid state. 
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Figure 1. Kaplan-Meier curve: incidence amiodarone-associated thyrotoxicosis and hypo

thyroidism 

Table 2A. Individual patients with amiodarone-associated thyrotoxicosis who continued 

amiodarone therapy 
p Age Gender Treatment TSH Max FT4 T ime to Palpitations/ 

(years) {mU/L) (pmol/L) euthyroid state Weight loss/ 
(months) Agitation 

1 73 female P, PCL <0.005 46 17 - / - ! -

2 68 male S,PCL <0.005 70 5.6 - / - / -
3 73 female None 0.02 35 6.1 - I - I +  

4 22 female s, p <0.005 100 7.6 - / - ! -

5 60 male S, P, PCL <0.005 30 5.0 - / - ! -

6 52 male s, p <0.005 27 4.2 + / - / -
7 48 male None <0.005 36 4.7 - I +  I +  

8 67 male None 0.09 22 10.2 - / - / -
9 54 female None 0.03 28 5.5 - I - I +  

10 51 male s <0.005 46 6.1 - I +  I -
11 74 male None <0.005 36 2.1 - I - I -
12 60 male s <0.005 24 5.9 -L -L -

FT4 = free thyroxine; Na= not applicable; P=prednisone; PCL= perchlorate; S=strumazol; TSH= 
thyroid stimulating hormone; complaints yes or no= +/-
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Table 2B. Individual patients with amiodarone-associated thyrotoxicosis who discontinued 

amiodarone therapy 
p Age Gender Treatment TSH Max FT

4 
T ime to Palpitations/ 

(mU/L) (pmol/L) euthyroid state Weightless/ 
(months) Agitation 

1 57 male s, p <0.005 100 5.5 - I - I +  

2 59 female None 0.03 29 10 - ! - / -

3 61 male s, p <0.005 84 4.4 + / + / +  
4 56 female None 0.07 27 5.6 + / - / -
5 50 male None 0.01 25 2.6 - / - / -
6 51 male None 0.02 21 1.4 + / - / -
7 63 male None <0.005 34 4.9 + / - / -
8 85 female None <0.005 36 8.2 - / - / -
9 67 female p <0.005 55 7.2 + I - I +  

10 42 male None <0.005 59 4.0 + I - I -

11 40 male SI p <0.005 75 10 -L -L -
FT

4 K 
free thyroxine; na= not applicable; P=prednisone; PCL= perchlorate; S=strumazol; 

TSH= thyroid stimulating hormone; complaints yes or no= +/-

Predictors for amiodarone-associated thyroid dysfunction and mortality 

The only predictor for amiodarone-associated thyrotoxicosis was age < 62 years 

(HR=2.4 [95% Cl 1.0-5.7], p=0.05). Univariate analysis for predictors for amiodarone

associated hypothyroidism showed TSH >1.4 mU/L at baseline, age � 62 years, 

diabetes mellitus at baseline and LV EF  < 45% to be correlated. After multivariate 

analysis TSH > 1.4 mU/L at baseline (HR=S.l [95% Cl 1.1-22.4] , p=0.03), LV EF < 45% 

(HR=3.8 [95% Cl 1.1-13.3], p=0.04) and diabetes mellitus at baseline (HR=3.3 [95% 

Cl 1.1-10.3], p=0.04) were predictors for amiodarone-associated hypothyroidism. 

Cumulative amiodarone dosage was not a predictor for either amiodarone-associated 

thyrotoxicosis or hypothyroidism. 

Multivariate analysis revealed having diabetes at baseline (HR=2.0 [95% Cl 1.1-3.8], 

p=0.03) and left ventricular ejection fraction < 45% (HR=l.8 [95% Cl 1.0-3.1], p=0.04) 

to be predictors for mortality. The occurrence of amiodarone-associated thyroid 

dysfunction was not a predictor. 
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Discussion 

During a median follow-up of three years a higher incidence of amiodarone-associated 

thyrotoxicosis compared to hypothyroidism was observed in our study. Only general 

predictors for amiodarone-associated thyroid dysfunction could be identified. The 

sole predictor for amiodarone-associated hypothyroidism was age < 62 years and for 

amiodarone-associated thyrotoxicosis baseline TSH levels > 1.4 mU/L, left ventricular 

function < 45% and diabetes mellitus. Treatment for amiodarone-associated 

hypothyroidism consisted of levothyroxine substitution therapy and continuation 

of amiodarone in the majority of cases. Treatment of amiodarone-associated 

thyrotoxicosis was more varied and in approximately 50% of patients amiodarone 

was continued. Time to achieving euthyroid state was comparable in both groups 

who continued and discontinued amiodarone. Amiodarone discontinuation was 

therefore not always required for successful treatment of thyroid dysfunction. 

Thus far, no clinical or biochemical features have been observed which can aid 

clinicians in identifying patients early at risk of developing amiodarone-associated 

thyroid dysfunction. The current study is the first to investigate predictors for 

amiodarone-associated thyroid dysfunction in a large population. We found age 

< 62 years as the only predictor of amiodarone-associated thyrotoxicosis. Predictors 

of hypothyroidism were baseline TSH >1.4 mU/L, left ventricular ejection fraction 

< 45% and diabetes mellitus at baseline. Few smaller studies have investigated 

predictors for the occurrence of amiodarone-associated thyrotoxicosis and found 

inconsistent results. Young age and male gender has been shown to be associated 

with amiodarone-associated thyrotoxicosis (24,25). Previous observed predictors 

of amiodarone-associated hypothyroidism have been depressed left ventricular 

function, organic thyroid pathology, elevated levels of anti-thyroid antibodies and 

female gender (16,24). 

These reports, however, studied only 45 to 62 patients and predominantly males. 

We did not find gender to be a predictor for amiodarone-associated thyroid 

dysfunction, which may be the result of our study population being larger and 

relatively well gender-balanced. Interestingly, we did find higher TSH levels at 

baseline to be predictive of amiodarone-associated hypothyroidism in addition to 
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depressed left ventricular function and diabetes mellitus. Patients who have TSH 

levels in the upper range have increased prevalence of thyroid antibodies and risk 

of developing hypothyroidism. The Wickham Survey showed that higher TSH levels 

at baseline (> 2 mU/L) were associated with an increased risk of hypothyroidism at 

20-year follow-up (26). Patients with thyroid antibodies also have higher relative risk 

of developing amiodarone-associated hypothyroidism (16}. Normally, inhibition of 

iodide oxidation because of excess intrathyroidal iodine (Wolff-Chaikoff effect) is 

restored by autoregulation, resulting in active transport of iodide into the thyroid 

follicular cells, despite high concentrations of iodine in plasma. Inhibition is only 

limited to approximately two days. Both patients with underlying thyroid disease 

and amiodarone-associated hypothyroidism show an increased prevalence of failure 

to escape the Wolff-Chaikoff effect (27). 

Amiodarone treatment can lead to both thyrotoxicosis and hypothyroidism (20) .  In 

our study population we observed a higher incidence of thyrotoxicosis compared 

to hypothyroidism. This is consistent with two previous studies conducted in 

the Netherlands. Amiodarone-associated thyrotoxicosis occurred in 12% and 

hypothyroidism in 7% of patients (7,16}. The incidence reported in studies, however, 

varies greatly. Most data regarding amiodarone-associated thyroid dysfunction 

comes from the field of cardiology. In recent trials conducted for the prevention 

of atrial fibrillation a higher incidence of amiodarone-associated hypothyroidism 

(20%} compared to thyrotoxicosis (3%} was observed after 12-54 months of follow

up (6). Most of these trials did not, however, define amiodarone-associated thyroid 

dysfunction explicitly. They also did not always report the type and frequency of 

thyroid function monitoring. In addition, one of the main factors responsible for the 

difference in amiodarone-associated thyrotoxicosis and hypothyroidism incidence 

may be due to differences in ambient iodine intake in different parts of the world 

(15,28). Intake of iodine in West Tuscany Italy is low to moderate compared to 

Worchester USA. This was confirmed using urine excretion of iodine (15). Higher 

incidence of amiodarone-associated thyrotoxicosis was seen in Italy compared to 

higher incidence of hypothyroidism in the USA. Dietary intake in the Netherlands 

is also relatively low and could account for the higher incidence of amiodarone

associated thyrotoxicosis in the Netherlands (7,16). 
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In our study population, 22% of patients who encountered amiodarone-associated 

thyrotoxicosis reverted to normal thyroid function without any treatment or 

discontinuation of amiodarone. Most patients were considered to have type I 

amiodarone-associated thyrotoxicosis. Patients with amiodarone-associated 

hypothyroidism were treated with levothyroxine replacement therapy and only a 

very small number discontinued amiodarone. No data is available on the duration 

of levothyroxine treatment and whether it can be discontinued over time in these 

patients. Data on treatment outcome in amiodarone-associated thyrotoxicosis and 

amiodarone discontinuation, however, is available albeit very limited. Osman et al 

retrospectively followed treatment outcome in 28 cases of amiodarone-associated 

thyrotoxicosis type I and II (21). In total, 5 patients had spontaneous resolution 

of thyrotoxicosis and 23 received carbimazole first-line therapy. In addition, they 

compared amiodarone continuation (n=16) with discontinuation (n=12) and 

type I (n=14) versus type II (n=14) on treatment outcome (21) . Outcome was not 

influenced by amiodarone discontinuation nor by type of amiodarone-associated 

thyrotoxicosis. Uzan and colleagues studied 13 patients with type I I  amiodarone

associated thyrotoxicosis of which 10 continued amiodarone treatment (22) . 

Eight patients received corticosteroids due to persistent severe symptomatic 

thyrotoxicosis. All patients recovered with no difference in thyrotoxicosis duration. 

Amiodarone-associated thyrotoxicosis can occur suddenly and in a number of 

patients thyroid function can spontaneously recover. In addition, patients can often 

display few symptoms even if a relapse of AF occurs. Amiodarone has been shown in 

experimental studies to down-regulate the cardiac beta-adrenoreceptor density due 

to an antagonistic effect on T3 (29). It has been suggested that amiodarone induces a 

local "hypothyroid-like" condition in the heart with subsequent slowing of ventricular 

response and decreased cardiac output (30) . 

In conclusion, although the data were analyzed retrospectively, this is the largest 

group to date in which the incidence of amiodarone-associated thyroid dysfunction 

was studied. Our study shows a higher incidence of amiodarone-associated 

thyrotoxicosis compared to hypothyroidism, comparable with previous findings 

in the Netherlands. Only general predictors for amiodarone-associated thyroid 

dysfunction could be identified, not applicable in the clinical setting. Amiodarone 
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continuation does not seem to influence outcome of amiodarone-associated thyroid 

dysfunction. So, amiodarone could be discontinued on the clinical judgment of the 

treating specialist. 

Disclosure Summary: The authors report no financial disclosures or conflicts of 

interest related to this topic area or manuscript. 
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Chapter 5 

Aims Our aim was to find predictors for long-term sinus rhythm maintenance in 

patients randomly assigned to episodic versus continuous amiodarone therapy in 

the Continuous versus Episodic Amiodarone Treatment for the Prevention of Atrial 

Fibrillation (CONV ERT) study. 

Methods and Results Patients with a recurrence of persistent AF were randomly 

assigned to receive either episodic (n=106} or continuous amiodarone therapy 

(n=103} after electrical cardioversion following 4 weeks amiodarone loading with 

600 mg daily. Maintenance dose was lowered to 200 mg. In the episodic group 

amiodarone was discontinued 4 weeks after achieving sinus rhythm. The continuous 

group continued amiodarone throughout. During follow-up patients were carefully 

evaluated for AF recurrence. Median follow-up was 2.1 (0.4-2.5) years. More first 

AF recurrences occurred in the episodic group (85 [80%] versus 56 [54%] , p<0.001). 

Multivariate regression analysis revealed, that CHADS2 score s 1 at baseline (HR=2.3 

[95% Cl 1.4-3.7], p= 0.001) and continuous amiodarone treatment (HR=l.6 [95% 

Cl 1.0-2.5], p=0.07) were predictors for long-term sinus rhythm maintenance. 

Angiotensin-converting enzyme inhibitors, angiotensin II receptor blockers, statin 

use at baseline nor AF duration were predictors for sinus rhythm maintenance at the 

end of follow-up. 

Conclusion The CHADS2 score can be used for risk assessment of thromboembolic 

complications and success of rhythm control therapy. 
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Predictors for sinus rhythm maintenance in amiodarone treated patients 

Atrial fibrillation (AF) can cause complaints and lead to heart failure, stroke, 

increased mortality and impairment of quality of life 1•4 , Long-term maintenance 

of sinus rhythm provides a variety of benefits, including an improvement in cardiac 

function and quality of life 4-6. Amiodarone therapy has been shown to be the 

most effective for successful rhythm control but at the cost of (mainly non-cardiac) 

adverse effects including thyroid dysfunction 7-11• Efforts to reduce the incidence 

of adverse effects while maintaining therapy efficacy by using lower loading and 

maintenance doses have thus far not been successful as a substantial proportion of 

patients still encounter adverse effects leading to drug discontinuation 10• 11• Long

term amiodarone prophylaxis, however, may not be warranted in all patients. As 

most AF recurrences occur within one month after electrical cardioversion bridging 

this critical arrhythmogenic period with short-term amiodarone therapy may be 

sufficient for long-term successful rhythm control in certain patients.12 13 Sinus 

rhythm maintenance may therefore be achieved without the need for chronic 

daily amiodarone use. In the current sub-study of the Continuous versus Episodic 

Amiodarone Treatment for the Prevention of Atrial Fibrillation (CONV ERT) study 11
, 

we wanted to identify predictors for long-term sinus rhythm maintenance in patients 

treated with continuous versus episodic amiodarone strategies. -
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Methods 

The study design, patient characteristics and results of the CONV ERT study have 

been previously published.11 In summary, 209 patients were loaded with 600 mg 

oral amiodarone for 4 weeks prior to electrical cardioversion (ECV). After obtaining 

sinus rhythm, patients were subsequently randomly assigned to receive either 

episodic (n=106) or continuous (n=103) amiodarone treatment with 200 mg 

daily maintenance dose. In the episodic group, patients continued amiodarone 

maintenance only one month post-ECV, while patients in the continuous treated 

group continued amiodarone throughout. In case of AF recurrence, patients were 

re-loaded with 600 mg oral amiodarone only if it occurred under inadequate 

(desethyl)amiodarone serum levels. Thereafter patients underwent a repeated ECV 

to achieve sinus rhythm. Maintenance dose was subsequently lowered to 200 mg 

daily. Patients in the episodic group discontinued amiodarone therapy again one 

month post-ECV, the continuous group continued amiodarone. AF was accepted 

(i.e. permanent AF) in case of adequate sum amiodarone and desethylamiodarone 

serum levels of more than 2 mg/L at the moment of AF recurrence, unless recurrence 

occurred late after ECV (6 months or more of maintained sinus rhythm after last 

ECV). In that case, a repeated ECV was thought to be worthwhile. Patients were 

monitored at the outpatient department for AF recurrence at 1, 4, 8, 12, 16, 20 and 

24 months after randomization using electrocardiogram recordings and 24 hours 

Holter registration. At each follow-up visit amiodarone and desethylamiodarone 

serum levels were assessed. In addition, patients were monitored throughout follow

up for the occurrence of the primary endpoint (amiodarone- and underlying heart 

disease-related major adverse events). Thyroid function was measured at each 

follow-up visit to assess amiodarone induced thyroid dysfunction. Hyperthyroidism 

was defined as thyroid-stimulating hormone (TSH) levels 50% below the lower limit 

and free thyroxine (FT4) and free triiodothyronine (FT3) levels above normal range. 

Hypothyroidism was defined as repeated elevated TSH of 50% higher than the upper 

limit and decreasing FT4 and FT3 or elevated TSH in presence of complaints due to 

hypothyroidism confirmed by an endocrinologist. At the end of follow-up the number 

of patients in sinus rhythm and permanent AF was assessed. 
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Statistical analysis 

Baseline descriptive statistics are presented as the mean (±SD) or median (range) 

for continuous variables, and numbers with percentages for categorical variables. 

The patient characteristics at baseline and during follow-up were compared with chi

square and t-tests. For all time-to-event analyses, Kaplan-Meier estimates were used 

and were compared by the log-rank test. Predictors for sinus rhythm at the end of 

follow-up were identified using Cox regression analysis in the total group. Baseline 

variables identified as significant univariate predictors (P s 0.1) were tested in a 

multivariate model. Continuous variables identified as significant predictors were 

categorized at the mean. Interaction was investigated. P value of < 0.05 was deemed 

statistically significant. All analyses were based on the intention-to-treat principle. 

The statistical analyses were carried out using the statistical program SPSS, version 

16.0 (SPSS Inc, Chicago, Illinois). 

Results 

The baseline characteristics have been previously published.11 Patients in the episodic 

group had a significantly larger left atrial dimension and more often a history of chronic 

obstructive pulmonary disease compared to the continuous group. Furthermore, 

there was a trend towards more angiotensin-converting enzyme inhibitor use at 

baseline in the episodic group. All other characteristics were comparable (Table 1). 

The results of the main study showed no significant difference in incidence rate of 

the primary endpoint (amiodarone- and underlying heart disease-related adverse 

events) between both treatment groups.11 The most frequently encountered adverse 

events were amiodarone related thyroid dysfunction and sinus bradycardia. 
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Table 1. Patient characteristics 
Episodic Continuous P-value 

amiodarone amiodarone 
treatment treatment 

(n=106) (n=103) 

Age (years) 67±9 66±9 0.28 
Male, n (%) 70 {66%) 66 (64%) 0.94 
Total AF duration (days) 514 (48-11,750) 407 (48-9,857) 0.99 
Duration present episode of AF (days) 37 (0-255) 36 (0-917) 0.54 
CHADS2 score 1 (0-5) 1 (0-4) 0.75 

Congestive heart failure, n (%) 9 (9%) 14 (14%) 0.38 
Hypertension, n (%) 41 {39%) 43 (42%) 0.89 
Age > 75 years, n (%) 21 {20%) 16 {16%) 0.49 
Diabetes mellitus, n (%) 11 (10%) 10 (9%) 0.95 
Stroke, n (%) 6 (6%) 8 (8%) 0.49 

Underlying diseases 
Coronary artery disease, n (%) 18 (17%) 15 (15%) 0.85 
Valve disease, n (%) 8 (8%) 5 (5%) 0.57 
Cardiomyopathy, n (%) 3 (3%) 3 {3%) 0.93 

History of COPD, n (%) 18 (17%) 9 (9%) 0.01· 
History of heart failure hospitalization, n (%) 6 (6%) 11(11%) 0.30 
Systolic blood pressure (mmHg) 135±17 136±17 0.45 
Diastolic blood pressure (mmHg) 84±11 85±10 0.68 
Left atrial size, long axis (mm) 48±7 45±5 0.01· 
Left atrial size, apical view (mm) 68±9 66±8 0.06 
Left ventricular end-diastolic diameter (mm) 51±7 51±6 0.97 
Left ventricular end-systolic diameter (mm) 36±9 35±7 0.70 
Fractional shortening (%) 30±12 31±9 0.42 
Medication at screening 

Beta b locker, n (%) 70 (66%) 69 (67%) 0.54 
ACE-I, n (%) 50 (47%) 35 {34%) 0.08 
ARB, n (%) 13 {12%) 11 (11%) 0.83 
Verapamil or diltiazem, n (%) 15 (14%) 17 (17%) 0.62 
Statin1 n {%} 22 {21%} 19 {18%} 0.86 

ACE-l=Angiotensin Converting Enzyme-Inhibitor; AF= atrial fibrillation; AFL=atrial flutter; 
ARB=Angiotensin I I  receptor blocker; CHADS2

= Congestive heart failure, Hypertension, Age> 
75 years, Diabetes Mellitus and Stroke; COPD=chronic obstructive pulmonary disease; Ml= 

myocardial infarction; NYHA = New York Heart Association; *statistically significant. 

AF recurrence during follow-up 

More first AF recurrences occurred in the episodic compared to the continuous treated 

group (85 [80%] versus 56 [54%], p<0.001), and also significantly earlier (Figure 1). In 

the episodic group, 20 (19%) patients maintained sinus rhythm throughout follow-
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up without AF recurrence compared to 47 (46%) in the continuous group (p<0.001). 

In total, 51 {48%} patients in the episodic versus 11 (11%) in the continuous treated 

group had discontinued amiodarone at the time of first AF recurrence (p<0.001). 

In the episodic group, discontinuation was mainly due to protocol (n=50). A severe 

adverse event (hyperthyroidism) was the reason for discontinuation in the other 

patient. In the continuous group, amiodarone discontinuation was mainly due to 

severe adverse events (hyperthyroidism, n=l; hypothyroidism, n=l; ophthalmological 

complications, n=2; neurological complications, n=l; dermatological complications, 

n=2). In total 25 patients encountered thyroid dysfunction during follow-up {16 

patients with hyperthyroidism and 9 patients with hypothyroidism). Only in one 

patient AF recurrence could be attributed to the occurrence of hyperthyroidism. In 

the other patients thyroid function at the time of AF recurrence was normal. 
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Figure 1. Kaplan-Meier: Time to first atrial fibrillation recurrence in episodic compared to 

continuous treated patients 
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Sinus rhythm maintenance at end of follow-up 

After a median follow-up of 2.1 {0.4-2.5) years, the continuous group showed a trend 

for more patients in sinus rhythm (Figure 2). Mean sum serum levels of amiodarone 

and desethylamiodarone were significantly lower from 4 months onwards till the end 

of follow-up in the episodic treated group (Figure 3). Median cumulative amiodarone 

dose was also significantly lower in the episodic group {48 [16-178] versus 123 [19-

203] grams, p<0.001). The median number of ECVs performed during follow-up was 

higher in the episodic treated group (1 [0-3] versus 0 [0-2], p=0.03). 
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Predictors for sinus rhythm maintenance at the end of follow-up 

Multivariate analysis in the total group revealed CHADS2 score s 1 at baseline to be 

the main predictor for sinus rhythm at the end of follow-up. Patients treated with 

continuous amiodarone treatment and low CHADS2 score were more likely to be in 

sinus rhythm at the end of follow-up compared to the episodic group (HR=l.6, 95% 

confidence interval [1.0-2.5], p=0.07) (Table 2) (Figure 4A). Time to first AF recurrence 

was also associated with CHADS2 score in the continuously treated patients ( Figure 

4B). The main component of the CHADS2 score that influenced sinus rhythm 

maintenance at the end of follow-up in the total group was a history of hypertension 

(HR=0.6, 95% confidence interval [0.4-0.9], p=0.03). 
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Table 2. Predictors of sinus rhythm maintenance at the end of follow-up 
Variable Univariate anal sis Multivariate anal sis 
Total group Hazard ratio Wald P-value Hazard ratio Wald P-value 

(95% Cl) (95% Cl) 
CHADS2 � 1 2.2 (1.4-3.6) 11.2 0.001 2.3 (1.4-3.7) 11.9 0.001 
Continuous amiodarone 1.5 (1.0-2.5) 3.3 0.07 1.6 (1.0-2.5) 3.4 0.07 
treatment 

CHADS2= Congestive heart failure, Hypertension, Age> 75 years, Diabetes Mellitus and Stroke 
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Figure 4A.Kaplan-Meier: Sinus rhythm maintenance in continuous treated patients 

according to CHADS2 score 

CHADS2 score= Congestive heart failure; Hypertension, Age > 75 years, Diabetes Mellitus and 

Stroke 
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Figure 4B.Kaplan-Meier: Time to first atrial fibrillation recurrence in continuous treated 

patients according to CHADS2 score 

CHADS2 score= Congestive heart failure, Hypertension, Age > 75 years, Diabetes Mellitus and 

Stroke 

Blood pressure during fol low-up 

Patients with a history of hypertension had sign ificant h igher systol ic and d iastol ic 

blood pressure compared to patients without a history of hypertension (data not 

shown) .  Systol ic and diasto l ic b lood pressure during fol low-up was comparable in 

the episodic versus conti nuous treated patients (data not shown) .  Patients who had 

s inus rhythm at end of fol low-up  had lower systol ic and diastol ic b lood pressure at 

base l ine and random ization compared to patients with permanent AF. They a lso had 

lower d iasto l ic blood pressu re at 8 and 12 months of fol low-up (Figu re 5) . 
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Discussion 

The present study shows that CHADS2 score � 1 and continuous amiodarone 

treatment predicted successful rhythm control therapy. Thus, the CHADS2 score 

cannot only be used for determining thromboembolic complications risk, but can also 

be used as a clinical tool to assess likelihood of long-term sinus rhythm maintenance. 

Furthermore, episodic amiodarone therapy cannot be recommended for rhythm 

control treatment in AF patients. 

Amiodarone and AF recurrence 

Episodic amiodarone treatment was significantly less successful in preventing AF 

recurrence compared to continuous amiodarone treatment. In the episodic treated 

group only 19% of patients did not experience an AF recurrence compared to 46% in 

the continuous group after a median follow-up of 2.1 years. These figures are similar 

to those found in the SAFE-T study.8 In that study, patients with persistent AF were 

treated with placebo, sotalol and amiodarone for the prevention of AF recurrence. 

Our curve for first AF recurrence in the episodic group is more or less comparable 

to the curve of the placebo group in the SAF E-T study after 2 years of follow-up, 

albeit less steep, probably due to the temporary efficacy of short-term episodic 

amiodarone treatment. Our curve for continuous amiodarone treatment is similar 

to the curve of the amiodarone treated group in the SAFE-T study. Our multivariate 

analysis also showed that patients treated with continuous amiodarone therapy 

were more likely to be in sinus rhythm compared to patients treated with episodic 

amiodarone therapy, in addition to CHADS2 score � 1. These results suggest that 

episodic amiodarone treatment is not importantly more effective than placebo for AF 

recurrence prevention. Only a minor delay in the time to AF recurrence is observed. 

Therefore, episodic amiodarone treatment cannot be advocated. If amiodarone is 

given for rhythm control therapy it should be used continuously. 

The relevance of the CHADS
2 

score 

The most important parameter related to successful rhythm control therapy was 

the CHADS2 score. The importance of the CHADS2 score for determining the risk 
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of thromboembolic complications is well known. This is the first study showing its 

importance for assessment of successful rhythm control. In previous work, we and 

others have shown that parameters incorporated in the CHADS2 score are related 

to long-term sinus rhythm maintenance. These parameters are mainly younger age, 

no history of hypertension, shorter total AF duration, small number of previous AF 

episodes, normal left atrial dimension and less severe heart failure.14-19 More recently, 

data from the Euro Heart Survey showed progression of AF to more persistent 

forms to be related to older age, heart failure, valvular disease and larger left 

atrium at baseline.20 These patients also showed worse clinical outcome regarding 

hospital admissions and major adverse cardiovascular events.21 This is all evidence 

that rhythm control eventually fails as a result of the extent of underlying disease 

associated with atrial remodeling progression. This is encapsulated in the CHADS2 

score, which is also a dynamic score, reflecting disease progression. So, the higher 

the score the less likely patients are able to sustain long-term sinus rhythm. Our 

results underline this, as patients with CHADS2 score > 2 treated with continuous 

amiodarone are at high risk of AF recurrence and have a lower chance of long-term 

sinus rhythm maintenance. The CHADS2 score may therefore be used as a clinical tool 

to assess the chance of long-term sinus rhythm maintenance and aid physicians in AF 

treatment decision making. 

Upstream therapy and a miodarone for sinus rhythm maintenance 

Our study did not reveal an on-top-of benefit of angiotensin-converting enzyme 

inhibitors (ACE-I) or angiotensin II receptor blockers (ARB) use in addition to either 

episodic or continuous amiodarone therapy on sinus rhythm maintenance at the 

end of follow-up. Recently published data has shown that continuous amiodarone 

treatment with ARB 22• 23, in lone paroxysmal and persistent AF patients, and ACE-I 

23 in lone paroxysmal AF patients was more effective for secondary AF prevention 

compared to continuous amiodarone monotherapy. Valsartan was, however, recently 

shown not to be effective for secondary persistent AF prevention in patients with 

underlying cardiac conditions compared to placebo. In this study, however, only 35% 

of patients were treated with continuous amiodarone therapy concomitantly.24 
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Future trials on this issue are clearly warranted. The results of these studies do, 

however, illustrate the importance of disease stage and timing of ACE-I and ARB 

therapy in  AF  treatment. Although our outcome was not the result of  a randomized 

comparison, we attempted relatively late secondary persistent AF prevention in 

patients with advanced atrial remodeling, which may in part explain the lack of ACE-I 

and ARB therapy benefit on sinus rhythm maintenance in our study. Treatment for 

AF including upstream therapy should therefore be sought early to limit progression 

of atrial remodeling and improve outcome in rhythm control therapy. This is further 

underlined by our results showing, that patients with low CHADS2 score and therefore 

less atrial remodeling benefit the most from continuous amiodarone therapy for 

successful rhythm control . 

Limitations 

This was a post-hoc analysis and not a pre-defined sub-study. Our study population 

was small with relatively short follow-up . Our results apply only to patients with 

persistent AF treated with episodic or continuous amiodarone therapy. 

Conclusions 

Continuous amiodarone treatment is superior to episodic amiodarone treatment for 

prevention of AF recurrence. CHADS2 score � 1, reflecting less advanced underlying 

disease and less advanced atrial remodeling, and continuous amiodarone treatment 

are predictive for long-term sinus rhythm maintenance. Long-term continuous 

amiodarone treatment may be a treatment option for elderly patients with 

symptomatic persistent AF with CHADS2 score < 2 .  

Funding: This work was supported by the Netherlands Heart Foundation [Grant 

2000B133] and Medtronic. 

Conflict of interest: none declared 

99 



Chapter 5 

References 

100 

1. Fuster V, Ryden LE, Cannom OS, Crijns HJ, Curtis AB, Ellenbogen KA, Halperin JL, Le Heuzey JV, 
Kay GN, Lowe JE, Olsson SB, Prystowsky EN, Tamargo J L, Wann S. ACC/AHA/ESC 2006 guidelines 
for the management of patients with atrial fibrillation-executive summary: a report of the 
American College of Cardiology/American Heart Association Task Force on practice guidelines 
and the European Society of Cardiology Com mittee for P ractice Guidelines (Writing Committee 
to Revise the 2001 Guidelines for the Management of P atients with Atrial Fibrillation). Eur 
Heart J 2006;27:1979-2030. 

2. Neuberger HR, Mewis C, Van Veldhuisen DJ, Schotten U, Van Gelder IC, Allessie MA, Bohm M. 
Management of atrial fibrillation in patients with heart failure. Eur Heart J 2007;28:2568-2577. 

3 .  Van Den Berg MP, Hassink RJ, Tuinenburg AE, van  Sonderen EF, Lefrandt JD, De  Kam PJ, Van 
Gelder I, Smit AJ, Sanderman R, Crijns HJ. Quality of life in patients with paroxysmal atrial 
fibrillation and its predictors: importance of the autonomic nervous system. Eur Heart J 
2001;22:247-253. 

4. Hagens VE, Rancher AV, Van Sonderen E, Bosker HA, Kamp 0, Tijssen JG, Kingma JH, Crijns HJ, 
Van Gelder I. Effect of rate or rhythm control on quality of life in persistent atrial fibrillation. 
Results from the Rate Control Versus Electrical Cardioversion (RACE) Study. J Am Coll Cardiol 
2004;43:241-247. 

5 .  Hagens VE,  Crijns HJ, Van Veldhuisen DJ, Van Den Berg MP, Rienstra M, Rancher AV, Bosker HA, 
Kamp 0, Tijssen JG, Veeger NJ, Van G, I. 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;149:1106-1111. 

6. Singh SN, Tang XC, Singh BN, Dorian P, Reda DJ, Harris CL, Fletcher RD, Sharma SC, Atwood 
JE, Jacobson AK, Lewis HD, Jr., Lopez B, Raisch DW, Ezekowitz MD. Quality of life and exercise 
performance in patients in sinus rhythm versus persistent atrial fibrillation: a Veterans Affairs 
Cooperative Studies P rogram Substudy. J Am Coll Cardiol 2006;48:721-730. 

7. Roy D, Talajic M, Dorian P, Connolly S, Eisenberg MJ, Green M, Kus T, Lambert J, Dubuc M, 
Gagne P, Nattel S, Thibault B. Amiodarone to prevent recurrence of atrial fibrillation. Canadian 
Trial of Atrial Fibrillation Investigators. N Engl J Med 2000;342:913-920. 

8. Singh BN, Singh SN, Reda DJ, Tang XC, Lopez B, Harris CL, Fletcher RD, Sharma SC, Atwood 
JE, Jacobson AK, Lewis HD, Jr., Raisch OW, Ezekowitz MD. Amiodarone versus sotalol for atrial 
fibrillation. N Engl J Med 2005;352:1861-1872. 

9. Lafuente-Lafuente C, Mouly S, Longas-Tejero MA, Bergmann JF. Antiarrhythmics for 
maintaining sinus rhythm after cardioversion of atrial fibrillation. Cochrane Database Syst Rev 
2007;CD005049. 

10. Zimetbaum P. Amiodarone for atrial fibrillation. N Engl J Med 2007;356:935-941. 
11. Ahmed S, Rienstra M, Crijns HJ, Links TP, Wiesfeld AC, Hillege HL, Bosker HA, Lok DJ, Van 

Veldhuisen DJ, Van Gelder IC. Continuous vs episodic prophylactic treatment with amiodarone 
for the prevention of atrial fibrillation: a randomized trial. JAMA 2008;300:1784-1792. 

12. Van Gelder IC, Tuinenburg AE, Schoonderwoerd BS, Tieleman RG, Crijns HJ. Pharmacologic 
versus direct-current electrical cardioversion of atrial flutter and fibrillation. Am J Cardiol 
1999;84:147R-151R. 

13. Tieleman RG, Van Gelder IC, Crijns HJ, De Kam PJ,  Van Den Berg MP, Haaksma J,  Van Der Woude 
HJ, Allessie MA. Early recurrences of atrial fibrillation after electrical cardioversion: a result of 
fibrillation-induced electrical remodeling of the atria? J Am Coll Cardiol 1998;31:167-173. 

14. Van Gelder IC, Crijns HJ, van Gilst WH, Verwer R, Lie Kl. P rediction of uneventful cardioversion 
and maintenance of sinus rhythm from direct-current electrical cardioversion of chronic atrial 
fibrillation and flutter. Am J Cardiol 1991;68:41-46. 



Predictors for sinus rhythm maintenance in amiodarone treated patients 

15. Crijns HJ, Van Gelder IC, van Gilst WH, Hillege H, Gosselink AM, Lie Kl. Serial antiarrhythmic drug 
treatment to maintain sinus rhythm after electrical cardioversion for chronic atrial fibrillation 
or atrial flutter. Am J Cardiol 1991;68:335-341. 

16. Van Gelder IC, Crijns HJ. Cardioversion of atrial fibrillation and subsequent maintenance of 
sinus rhythm. Pacing Clin Electrophysiol 1997;20:2675-2683. 

17. Brodsky MA, Allen BJ, Capparelli EV, Luckett CR, Morton R, Henry WL. Factors determining 
maintenance of sinus rhythm after chronic atrial fibrillation with left atrial dilatation. Am J 

Cardiol 1989;63:1065-1068. 
18. Dittrich HC, Erickson JS, Schneiderman T, Blacky AR, Savides T, Nicod PH. Echocardiographic 

and clinical predictors for outcome of elective cardioversion of atrial fibrillation. Am J Cardiol 
1989;63:193-197. 

19. Duytschaever M, Haerynck F, Tavernier R, Jordaens L. Factors influencing long term persistence 
of sinus rhythm after a first electrical cardioversion for atrial fibrillation. Pacing Clin 
Electrophysiol 1998;21:284-287. 

20. Nieuwlaat R, P rins MH, Le Heuzey JV, Vardas PE, Aliot E, Santini M, Cobbe SM, Widdershoven 
JW, Baur LH, Levy S, Crijns HJ. P rognosis, disease 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: 1181-1189. 
21. de Vos CB, P isters R, Nieuwlaat R, P rins MH, Tieleman RG, Coelen RJ, van den Heijkant AC, 

Allessie MA, Crijns HJ. P rogression from paroxysmal to persistent atrial fibrillation clinical 
correlates and prognosis. J Am Coll Cardiol 2010;55:725-731. 

22. Madrid AH, Bueno MG, Rebollo JM, Marin I, Pena G, Bernal E, Rodriguez A, Cano L, Cano JM, 
Cabeza P, Moro C. Use of irbesartan to maintain sinus rhythm in patients with long-lasting 
persistent atrial fibrillation: a prospective and randomized study. Circulation 2002;106:331-
336. 

23. Yin Y, Dalal D, Liu Z, Wu J, Liu D, Lan X, Dai Y, Su L, Ling Z, She Q, Luo K, Woo K, Dong J. P rospective 
randomized study comparing amiodarone vs. amiodarone plus losartan vs. amiodarone plus 
perindopril for the prevention of atrial fibrillation recurrence in patients with lone paroxysmal 
atrial fibrillation. Eur Heart J 2006;27:1841-1846. 

24. Disertori M, Latini R, Barlera S, Franzosi MG, Staszewsky L, Maggioni AP, Lucci D, Di Pasquale G, 
Tognoni G. Valsartan for prevention of recurrent atrial fibrillation. N Engl J Med 2009;360:1606-
1617. 

101 





6 
Effect of Type D Persona l ity on Success 

of Rhythm Control Therapy for Atria l  

F ibri l lation and Qua l ity of Life during 

Amiodarone Treatment 

Sheba Ahmed, Ade l ita V. Rancher, Dirk J .  van Ve ldhuisen, Isabel le C. van Gelder 

for the CONVERT investigators 

Submitted 



Chapter 6 

Objectives To study the effect of Type D personality (negative affectivity and social 

inhibition) on sinus rhythm maintenance and quality of life (QoL) in patients treated 

with amiodarone for atrial fibrillation (AF) prevention. 

Background Type D personality is predictive for adverse clinical outcome in patients 

with coronary artery disease, but its influence on outcomes in AF is unknown. 

Methods Type D personality and Qol were assessed in patients included in the 

CONVERT study using Type-D scale 14 questionnaire at baseline. Quality of life was 

assessed using the Short Form (SF )-36 health survey questionnaire and University of 

Toronto AF severity scale part C at baseline and 12 months. Rhythm control outcome 

was assessed during follow-up. 

Results 35 out of 207 (17%) patients had Type D personality. After a median follow

up of 2.1 (0.4-2.5) years, more Type D compared to non-Type D patients were in sinus 

rhythm (29 [83%] versus 108 [63%], p=0.02). A trend for more first AF recurrences 

and electrical cardioversions occurred in Type D patients (1 [0-3] versus O [0-4], 

p=0.06). At the time of AF recurrence, median (desethyl)amiodarone serum levels 

were comparable (p=0.7 and p=0.8, respectively). Despite successful rhythm control 

at 12 months, Type D patients had significantly lower Qol. 

Conclusions Almost 20% of our study population had Type D personality. Type D 

patients had more AF recurrences and were more inclined to achieve sinus rhythm. 

This, however, did not improve Qol. Identifying Type D patients and modifying this 

risk factor may improve rhythm control outcome and Qol. 
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Atrial fibrillation (AF) is the most common occurring arrhythmia and is associated 

with complaints such as palpitations, dyspnea and fatigue. Patients with symptomatic 

AF have been shown to have impaired quality of life (Qol) compared to the general 

population and even patients with other cardiac heart disease (1, 2). The most widely 

used tool to assess general health-related Qol (HRQL), is the Medical Outcomes Study 

Short Form (SF-36) questionnaire (3), but more disease specific questionnaires for AF 

have been developed such as the University of Toronto Atrial Fibrillation Severity 

Scale (AFSS) to ascertain subjective complaints and severity of AF (4, 5). We and 

others have shown, that restoration and maintenance of sinus rhythm is associated 

with a significant increase in SF-36 subscales (2, 6-8). 

Amiodarone is the most effective antiarrhythmic drug for achieving and maintaining 

sinus rhythm (6, 7, 9). Amiodarone, however, can cause major adverse events, which 

might negate the positive benefit of maintaining sinus rhythm on Qol (8). Qol, 

however, is not only determined by disease burden but also psychosocial factors. In a 

recent study in patients with paroxysmal AF, lower Qol was linked to a higher degree 

of neuroticism independent of age and sex (10). Furthermore, Type D personality, 

(the conjoined effect of negative affectivity i.e neuroticism and social inhibition) has 

been shown to be predictive of adverse clinical outcome in patients with coronary 

heart disease (11). The same might apply to patients with AF. Therefore, the aims 

of this study were to investigate the influence of Type D personality on outcome 

in patients with persistent AF treated with amiodarone for pharmacological rhythm 

control, and to examine the impact of Type D personality on Qol, assessed by SF-36 

and AF severity scale. 
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Methods 

Patients 

This study was performed in patients with symptomatic persistent AF who were 

treated with amiodarone for pharmacological rhythm control in the Continuous 

versus Episodic Prophylactic Treatment with Amiodarone for the Prevention of AF 

(CONV ERT) study. The study was approved by the institutional review boards of 

all participating centers and patients gave written informed consent. In total 209 

patients were included, 106 in the episodic amiodarone treatment arm and 103 in 

the continuous amiodarone treatment. The treatment protocol has been described 

previously (9). In short, patients were included in the presence of symptomatic AF 

recurrence and were loaded with 600 mg oral amiodarone for 4 weeks prior to a 

planned electrical cardioversion (ECV) and received a maintenance dose of 200 mg 

after achieving sinus rhythm. Patients were subsequently randomly assigned to 

receive either episodic or continuous amiodarone treatment. Patients in the episodic 

group discontinued therapy one month post-ECV, while patients in the continuous 

group continued amiodarone throughout. In case of a recurrence of AF, patients in 

both groups were re-loaded with amiodarone and underwent an ECV depending 

on (desethyl)amiodarone serum levels. AF was accepted (i.e permanent AF) in 

case of adequate (desethyl)amiodarone levels (:::: 2 mg/L). Patients were monitored 

throughout follow-up for recurrences of AF. For the present analysis, we included 

207 patients who had completed the SF-36 and AF severity scale questionnaires at 

baseline and had complete follow-up for the outcome of rhythm control. For the 

analysis of HRQoL, using SF-36 and AF severity scale questionnaires, 158 patients 

were available for analysis. The patients that were excluded were comparable in 

baseline characteristics to patients who were included in the present analysis. 

Quality of Life questionnaires 

Patients were asked to complete questionnaires at baseline (i.e. inclusion visit and 

approximately 4 weeks prior to ECV) and at 12 months follow-up. Health-related 

quality of life was assessed using the Medical Outcomes Study Short-Form health 

survey (SF-36) questionnaire. The SF-36 is a standardized, validated, generic health 
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survey that has been frequently used in arrhythmia studies. The SF-36 has been 

translated and validated in the Netherlands (3). It contains 8 subscales. The subscales 

for assessing physical health are general health perception, physical functioning, role 

limitations due to physical problems and bodily pain. Mental health is assessed with 

the subscales social functioning, role limitations due to emotional problems, mental 

health and vitality. Scores are transformed to a scale ranging from 1 to 100, with lower 

scores representing a lower HRQL. Severity of AF-related symptoms was assessed 

using Part C of the University of Toronto AF Severity Scale (AF severity scale). This 

was developed as a disease-specific instrument intended to measure the patient's 

perception of severity of arrhythmia-related symptoms and is a measurement tool 

to assess AF-related Qol (4). This is a seven-item checklist that includes common 

AF symptoms (e.g palpitations and dyspnea). Items are rated on a six-point scale. 

Scores range from O to 35, with higher scores indicating greater AF symptom severity. 

Furthermore, the Type D scale-14 was used to assess type D personality (11). Type 

D personality a joint tendency toward negative affectivity and social inhibition ,  is 

related with increased risk of cardiac events and impaired quality of life (11). In total 

7 items were scored on both scales. The negative affectivity scale items cover the 

tendency to experience feelings of dysphoria, anxious apprehension, and irritability 

and the social inhibition scale items cover social discomfort, reticence, and lack of 

social poise. The scores range from O to 28. Type D personality was present when 

patients scored more or equal to 10 on both negative affectivity and social inhibition 

scales. 

Statistical analysis 

Baseline descriptive statistics are presented as the mean ± standard deviation (SD) 

or median (range) for continuous variables and numbers with percentages for 

categorical variables. At each measurement point all subscales of the SF-36 and 

AF severity scale were compared between the Type D and non-Type D personality 

patients. For a comparison of scores between groups, the Student t- test was used 

for independent variables. For all analyses of differences in scores at baseline and 

12 months paired samples Student t-tests were used. Furthermore, scores were 

compared between patients with sinus rhythm and AF at the end of follow-up. 
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Furthermore, predictors for sinus rhythm at the end of follow-up were identified 

using Cox regression analysis. Variables identified as significant univariate predictors 

(P � 0.1) were tested in a multivariate model. Interaction was investigated. P value 

of < 0.05 was deemed statistically significant. All analyses were performed on an 

intention-to-treat basis. The statistical analyses were carried out using the statistical 

program SPSS, version 16.0. 

Resu lts 

In this AF population a total of 35 out of 207 patients (17%) had Type D personality 

(episodic treated group 22 (21%) and continuous treated group 13 (12%) patients, 

p=0.1). The baseline characteristics of patients with Type D and non-Type D 

patients are shown in Table 1. Type D patients more often had a history of coronary 

artery disease and less often used beta-blockers at baseline (p=0.02 and p=0.03, 

respectively). 

Table 1. Patient baseline characteristics 
Type D Non-Type D Total group P-value 
(n= 35) (n=172) (n=207) 

Age (years) 64±11 67±9 67±9 0.1 
Male, n (%) 23 (66%) 110 (64%) 133 (64%) 0.8 
Total AF duration (days) 407 (80-4,852) 475 (48-11,750) 471 (48-11,750) 0.8 
Duration present episode of AF {days) 40 (0-917) 35 (0-443) 36 (0-917) 0.6 
Heart rate at baseline (beats per minute) 95±19 91±19 92±19 0.2 
Complaints of AF, n (%) 32 (91%) 158 (92%) 190 (92%) 1.0 

Palpitations, n (%) 16 (46%) 64 (37%) 80 (39%) 0.4 
Dyspnea, n (%) 20 (57%) 109 (63%} 129 (62%) 0.5 
Fatigue, n (%) 20 (57%) 79 (46%) 99 (48%) 0.2 

Underlying d iseases 
Coronary artery disease, n (%) 10 (29%) 23 (13%) 33 (16%) 0.02· 

Previous Ml, n (%) 4 (11%) 16 (9%) 20 (10%) 0.8 
Valve disease, n (%) 0 (0%) 13 (8%) 13 (6%) 0 .1 

Mitral valve disease, n (%) 0 (0%) 12 (7%) 12 (6%) 0.1 
Aortic valve disease, n (%) 0 (0%) 1 (1%) 1 (1%) 0.7 

Cardiomyopathy, n (%) 1 (3%) 5 (3%) 6 (3%) 1.0 
Hypertension, n (%) 14 (40%) 75 (44%) 89 (43%) 0.9 

History of COPD, n (%) 3 (9%) 24 (14%) 27 (16%) 0.4 
History of diabetes mellitus, n (%) 5 (14%) 16 (9%) 21  (10%) 0.3 
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History of heart failure hospitalization, n (%) 3 (9%) 12 (7%) 15 (7%) 
In presence of AF, n (%) 2 (6%) 10 (6%) 12 (6%) 

NYHA class for heart failure, n (%) 
I 15 (43%) 63 (37%) 78 (38%) 
I I  10 (57%) 109 (63%) 129 (62%) 

Systolic blood pressure (mmHg) 134±16 136±17 136±17 
Diastolic blood pressure (mmHg) 84±12 84±10 84±10 
Left atrial size, long axis (mm) 47±6 46±6 46±6 
Left atrial size, apical view (mm) 69±9 67±8 67±9 
Right atrial size, apical view (mm) 62±8 62±7 62±7 
Left ventricular end diastolic diameter (mm) 51±6 50±7 51±7 
Left ventricular end systolic diameter (mm) 36±7 35±9 36±8 
Septal thickness (mm) 10±1 10±2 10±2 
Posterior wall thickness (mm) 10±1 10±1 10±1 
Fractional shortening (%) 30±9 30±11 30±10 
Medication at screening 

Acenocoumarol, n (%) 33 (94%) 170 (99%) 205 (99%) 
Beta blocker, n (%) 18 (51%) 123 (72%) 141 (68%) 
Diuretics, n (%) 10 (29%) 58 (34%) 68 (33%) 
ACE-I, n (%) 12 (34%) 75 (44%) 87 (42%) 
ARB, n (%) 4 (11%) 19 (11%) 23 (11%) 
Digoxin, n (%) 12 (34%) 43 (25%) 55 (27%) 
Verapamil or diltiazem, n (%) 3 (9%) 29 (17%) 32 (15%) 
Statin, n (%) 7 (20%) 34 (20%) 41 (20%) 

AF= atrial fibrillation; AFL=atrial flutter; ACE-I= Angiotensin converting enzyme  inhibitor; ARB= 
Angiotensin II receptor blocker; COPD= chronic obstructive pulmonary disease; Ml= myocardial 
infarction; NYHA = New York Heart Association; ·statistically significant. 

Rhythm control outcome 

Mean time to first AF recurrence was comparable in Type D and non-Type D patients 

in the total group (379± 265 versus 423± 277 days, p=0.4) and in the episodic treated 

group (434± 246 versus 353± 255 days, p=0.3). By contrast, in the continuous treated 

group, Type D patients encountered a recurrence of AF significantly earlier (345± 

277 versus 505± 280 days, p=0.02). Most patients in the continuous treated group 

were on amiodarone therapy at the time of first AF recurrence (82% versus 67% in 

Type D versus non-Type D patients, p=0.3). There was no difference in episodic and 

continuous treatment groups in median amiodarone and desethylamiodarone serum 

levels at the time of first AF recurrence between Type D versus non-Type D patients 

(1.0 [0.1-1.4] mg/L versus 0.4 [0.1-2.4] mg/L for amiodarone levels, p=0.7 and 0.6 
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[0.1-0.9] mg/L versus 0.4 [0.1-1.2] mg/L for desethlamiodarone serum levels, p=0.8). 

After a median follow-up of 2.1 (0.4-2.5) years, significantly more Type D patients 

compared to non-Type D patients were in sinus rhythm, with a trend for more 

recurrences and conversions in Type D patients (1 [0-3] versus 0 [0-4], p=0.06) (Figure 

1). 

In the episodic treated group, both Type D and non-Type D patients showed similar 

mean sum (desethyl)amiodarone serum levels throughout follow-up (Figure 2A). In 

the continuous treated group, Type D patients showed a trend for lower mean sum 

(desethyl)amiodarone serum levels during follow-up, with significant lower values at 

4 and 24 months of follow-up (Figure 2B). Multivariate analysis revealed that in the 

total group predictors for sinus rhythm at the end of follow-up were CHADS2 s 1 and 

Type D personality (Table 2). 
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Table 2. Predictors for sinus rhythm at the end of follow-up 
Variable Univariate anal sis Multivariate anal sis 
Total group Hazard ratio Wald P-value Hazard ratio Wald P-value 

(95% Cl) (95% Cl) 
CHADS2 :5 1  2.2 (1.4-3.6} 11.2 0.001 2.3 (1.4-3.7) 11.9 0.001 
Type D personality 2.4 (1.0-5.5) 4.1 0.04 2.5 (1.1-5.7) 5.6 0.03 
Continuous amiodarone 1.5 (0.9-2.4) 2.8 0.10 
treatment 

CHADS2
= Congestive heart failure, Hypertension, Age > 75 years, Diabetes Mellitus and Stroke 
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Outcome of quality of life 

SF-36 and AF severity scale scores, measuring Qol, were available in 158 patients at 

baseline and 12 months (27 [17%] Type D versus 131 [83%] non-Type D patients). 

Type D patients scored significantly lower on all SF-36 subscales except physical 

functioning at both baseline and after 12 months compared to non-Type D patients 

(Figure 3). After 12 months, no change in SF-36 scores from baseline had occurred in 

Type D patients, except for improvement in role limitations due to physical problems 

and an important impairment in role limitations due to emotional problems. In 

contrast, after 12 months non-Type D patients showed significant improvement from 

baseline on 6 out of 8 scales (Figure 3). Perception of AF-related complaints was 

comparable at baseline but significantly higher i.e. more complaints, after 12 months 

of follow-up in Type D patients (Figure 4). 

Quality of life and rhythm control outcome 

In Type D patients, successful rhythm control did not lead to an improvement in 

Qol. They showed neither improvement in SF-36 scores nor a reduction in perceived 

severity of AF-related complaints (Figure 3 and SA). Non-Type D patients with sinus 

rhythm did show improvement in Qol with significant improvements on 4 SF-36 

subscales and a decrease in perceived severity of AF-related complaints (Figure 3 

and SB). 

112 



.... .... w 

90 

80 

70 # $ 

II 
60 - * 
50

1
1 I 

# $ 
I 40 

30 

20 

1 0  

0 
physical role bodily pain 

functioning limitations 
due to 

physical 
problems 

# $ * 

� 
# $ 

# $ n 

general social role 
health functioning limitations 

due to 
emotional 
problems 

Type D personality 
(N=27) 

* * 
# $ 

I ■ # $ 

mental vitality physical role 
health functioning limitations 

due to 
physical 

problems 

* -
I ■ I - I -* 

bodily pain general social role 
health funct1omng limitations 

due to 
emotional 
problems 

Non-Type D personality 
(N=131) 

Figure 3. Changes in SF-36 scores between baseline and 12 months in Type D and non-Type D personality patients 

□ basel ine 

■ 12 months 

* 

I - * 

mental vitality 
health 

SF-36=Short Form-36 health survey.*p<0.05 difference between baseline and 12 months; # p< 0.05 difference between Type D and non-Type 
D patients at baseline and $ p< 0.05 at 12 months 

� n "" 
0 ..... 
� 
"C 
C'D 
C 

"C 
C'D 
iii 0 :::J OJ 
;:;: 
< 
0 :::J ... :::r 
'S :::r 
3 
n 0 :::J "" 
£. 
OJ :::J c.. 
.c 
C: 

� 
;::;.-
< 
0 ..... 

it 



Chapter 6 

25 

P=0.006 

en 
c 20 
'cii 

u 

1 5  

LL 

� 
-� 10  
(I) en 
.£ 
(I) en 

5 u 

0 

Type D Non-Type 

D 

sinus 

rhythm 

AF 

P=0.05 

n 

sinus 

rhythm 

□ baseline 

■ 1 2  months 

AF 

Total group Type D persona lity Non-Type D personality 

Figure 4. Atrial fibrillation severity scale scores 

AF=atrial fibrillation 

A 

C 

QJ 

QJ > 

I 

C 

QJ 

·;;; 
I 

114 

20 

1 5  

1 0  

5 

0 

-5 

- 10  

- 15  

-20 

-25 

-30 
physical role 

functioning limitations 

bodily pain general 

health 

social role 

functioning limitations 

mental 

health 

vitality 

□SR 

■AF 



Effect of Type D personality on rhythm control and quality of l ife 

B 
30 * 

25 

8 20 

QI * 
QI 1 5  * 

1 0  

5 

0 
8 

-5 'i: 

physical role bodily pain general social role mental vitality � -1 0 
functioning limitations health functioning limitations health 
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AF=atrial fibrillation; SF-36=Short Form-36 health survey; SR= sinus rhythm; Qol=quality of life 
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Discussion 

The present study shows that more Type D patients were in sinus rhythm at the end 

of follow-up despite more AF recurrences. F urthermore, Type D patients treated with 

continuous amiodarone therapy had lower sum (desethyl)amiodarone serum levels 

throughout follow-up compared to non-Type D patients. F inally, in Type D patients 

successful rhythm control did not lead to improvement in Qol after 12 months of 

follow-up despite the extra effort undertaken to obtain sinus rhythm, in contrast to 

non-Type D patients. 

Type D personality and cardiac outcomes 

Our findings showed that more Type D compared to non-Type D patients had AF  

recurrence during follow-up. Type D patients showed a trend for lower sum (desethyl) 
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amiodarone serum levels throughout follow-up in the continuous amiodarone 

treated group. This may be due to poorer therapy adherence resulting in less 

effective AF treatment, as has been shown in patients with sleep apnea (12). Type 

D patients have shown to be less able to manage symptoms, treatment, physical 

and psychosocial consequences and life-style changes required in a chronic condition 

such as chronic heart failure (13) . They were also less likely to have a healthy life style 

including diet and physical activities (14). The necessity of daily amiodarone intake 

for AF recurrence prevention may therefore not be sufficiently adhered to in Type D 

patients. In addition, the proportion of patients with coronary artery disease in the 

current study was significantly higher in Type D compared to non-Type D patients. 

Rhythm control outcome may therefore have been negatively infl uenced, as coronary 

artery disease is a known substrate for AF recurrence (15) .  

Type D personality has been mainly investigated in patients with coronary artery 

disease and is an independent predictor of cardiac morbidity and mortality (11). 

Depression is also associated with an adverse cardiac outcome, also in part due 

to poor treatment adherence (16). Recently, anxiety and Type D personality were 

shown to be associated with an increased risk of ventricular arrhythmia within the 

first year of implantable cardioverter-defibrillator implantation (17). This may be due 

to the role of mental stress on increased sympathetic tone and induction of T-wave 

alternans associated with ventricular arrhythmia. There is, however, very limited 

data available on the role of Type D personality and depression in AF outcome. A 

recent study showed depressive mood but not Type D personality to be associated 

with AF recurrence within 2 months after successful ECV in 54 patients (18). A much 

larger study with over 3000 patients with long-term follow-up showed anger, hostility 

and tension to be predictive for 10-year occurrence of new-onset AF in men (19, 

20). Possible mechanisms may include increased levels of pro-inflammatory factors, 

increased activity of the sympathetic nervous system and increased cortisol levels 

(21-23). An increase in pro-inflammatory markers, such as interleukin-6, tumour 

necrosis factor a and C-reactive protein, has also been identified in patients with AF, 

with high-sensitivity C-reactive protein correlated to rhythm control outcome (24). 

More research is, however, warranted to investigate the role of Type D personality 

and its 2 components, negative affectivity and social inhibition, on rhythm control 

outcome. 
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Type D personality and quality of life 

It has been previously established that patients with AF have lower HRQL, assessed 

by SF-36 compared to healthy controls (2, 4, 8) . The current study shows patients with 

persistent AF and Type D personality to have even lower Qol assessed by the SF-36 

and AF severity scale as compared to non-Type D patients. Interestingly, improvement 

in Qol, however, could not be achieved despite sinus rhythm maintenance in Type D 

patients. This is also illustrated by the improvement on the subscale role limitations 

due to physical problems in these patients, but impairment on the subscale role 

limitations due to emotional problems. Patients experience less physical discomfort 

but not an improvement in emotional well-being. These findings were also previously 

seen in patients with coronary artery disease. Type D patients were twice as likely to 

report poor perceived health compared to non-Type D patients (21). Even though 

they benefited from either invasive or conservative treatment, they still displayed 

higher levels of psychological distress and somatic complaints (25, 26). 

Patients might therefore benefit more from a psychosocial intervention than solely 

the pursuit of sinus rhythm. The beneficial effect of modification of this psychological 

risk factor may be two-fold. F irstly, patients may be better able to adhere to daily 

amiodarone use and lifestyle regimes and therefore maintain long-term sinus 

rhythm and have less AF recurrences. Secondly, patients may also experience fewer 

symptoms, which could improve their Qol independent of whether rate or rhythm 

control is adopted as treatment strategy. The effect of rehabilitation programs 

compared to usual care in patients with coronary artery disease and patients 

receiving implantable cardioverter-defibrillator therapy have shown an improvement 

in HRQL, reduction of anxiety and depressive symptoms after 6-12 months as well 

as a reduction in the number of unplanned emergency admissions (27, 28). These 

studies show that psychological interventions do have an additional positive effect 

on outcome. Identifying persistent AF patients with Type D personality may lead to a 

more patient-tailored strategy in the future which not only incorporates conventional 

treatment but also psychological interventions to enhance treatment adherence and 

outcome. 
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Study limitations 

Our study population was small with relatively short follow-up. We used the SF-36, 

which is a validated questionnaire, but is a tool to measure general HRQL. It may 

also measure complaints due to non-cardiac diseases, and not only cardiac disease 

specific complaints. Questionnaires were not filled out at the time of a recurrence of 

AF but at baseline and after 12 months. The causal relationship between SF-36 and AF 

severity scale scores and a recurrence of AF can therefore not be clearly established. 

Conclusions 

Approximately 20% of our persistent AF population had Type D personality with 

significant impaired Qol, assessed by SF-36 and AF severity scale compared to non

Type D patients. More Type D patients were in sinus rhythm at the end of follow-up 

despite more AF recurrences and electrical conversions to sinus rhythm. However, 

sinus rhythm maintenance did not lead to improvement in SF-36 scores and reduction 

in severity of AF-related complaints. Identifying patients with Type D personality and 

modifying this psychological risk factor may lead to more successful AF treatment 

and Qol improvement in these patients. 
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Chapter 7 

Aims Amiodarone is associated with significant adverse effects. We hypothesized, 

that episodic amiodarone treatment would be associated with better quality of 

life (QoL) compared to continuous treatment in the prevention of recurrent atrial 

fibrillation (AF). 

Methods and Results Quality of life was assessed in 158 patients from the 

Continuous vs Episodic Prophylactic Treatment with Amiodarone for the Prevention 

of AF (CONV ERT) study, using the Short Form (SF)-36 health survey and University of 

Toronto AF Severity Scale (AF severity scale) questionnaires at baseline and 1 year. 

The episodic group received amiodarone 1 month peri-cardioversion, the continuous 

group continued amiodarone. Patients were assessed for major adverse events and 

maintenance of sinus rhythm during follow-up (i.e. no AF recurrences at every follow

up visit). Quality of life (assessed by SF-36 and AF severity scale) was comparable 

between both treatment groups at baseline and 12 months, with similar incidence 

rates of major adverse events. Fewer patients in the episodic group had maintenance 

of sinus rhythm during follow-up (27 [36%] vs 49 [59%], p=0.004). In the episodic 

group, maintenance of sinus rhythm was associated with a significant improvement 

on four SF-36 subscales and AF severity scale at 12 months. In contrast, in the 

continuous group no significant differences in Qol were seen between patients with 

continued maintenance of sinus rhythm compared with those with AF  recurrence at 

the end of follow up. 

Conclusion Quality of life was comparable in the episodic and continuous treated 

group after 12 months of follow-up. Continued maintenance of sinus rhythm was 

associated with an improvement in Qol in the episodic but not the continuous 

treated group. 
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Atrial fibrillation (AF) is the most common occurring arrhythmia and is associated 

with complaints such as palpitations, dyspnoea and fatigue. It may further lead to 

heart failure, stroke and death.1• 2 Patients with symptomatic AF have been shown 

to have impaired quality of life (Qol) compared to the general population and even 

patients with other cardiac heart disease, such as ischaemic heart disease, including 

myocardial infarction.3• 4 The most widely used tool to assess general health-related 

quality of life (HRQL) is the Medical Outcomes Study Short Form (SF-36) questionnaire,5 

but more disease-specific measures of Qol for AF have been developed such as 

the University of Toronto Atrial F ibrillation Severity Scale to ascertain perceived AF 

severity.6
• 

7 We and others have shown, that restoration and maintenance of sinus 

rhythm is associated with a significant increase in SF-36 subscales.4• 8• 9 Furthermore, 

symptomatic patients at baseline were more likely to have improvement in SF-36 

scores compared to asymptomatic patients.9 Amiodarone is the most effective 

antiarrhythmic drug for achieving and maintaining sinus rhythm.8• 9 Amiodarone 

however, can cause major (non-)cardiac adverse events, which might negate the 

positive benefit of maintaining sinus rhythm. In the present study, we analyzed 

Qol, measuring general HRQL using the SF-36 and disease-specific measures of Qol 

using the AF severity scale, in patients randomized to either episodic or continuous 

amiodarone treatment for the prevention of AF. Our hypothesis was, that episodic 

amiodarone treatment is associated with a lower major adverse event rate and a 

higher Qol compared to continuous amiodarone treatment, while AF is effectively 

suppressed although, at the cost of more electrical cardioversions (ECVs). We 

furthermore wanted to investigate the role of successful rhythm control on Qol in 

this population of patients with persistent AF. 

Methods 

Patients 

The present study was a predefined sub-study of the CONV ERT study. The methods 

and results have previously been described in detail10 • The study was approved 

by the institutional review boards of all participating centers and patients gave 

written informed consent. In total 209 patients were included, 106 in the episodic 
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amiodarone treatment arm and 103 in the continuous amiodarone treatment arm. 

In short, patients were included in the presence of symptomatic AF recurrence 

and were loaded with 600 mg oral amiodarone for 4 weeks prior to a planned ECV 

and received a maintenance dose of 200 mg after achieving sinus rhythm. Patients 

were subsequently randomly assigned to receive either episodic or continuous 

amiodarone treatment. In the episodic treated group, patients continued amiodarone 

only 1 month post-ECV, while patients in the continuous treated group continued 

amiodarone throughout. In case of a recurrence of AF, patients were re-loaded 

with amiodarone if it occurred under inadequate (desethyl)amiodarone serum 

levels. AF was accepted in case of adequate (desethyl)amiodarone levels of more 

than 2 mg/L at the moment of a relapse. Patients were evaluated at the outpatient 

department for rhythm control outcome and occurrence of the composite primary 

endpoint (amiodarone- and underlying heart disease-related major adverse events) 

throughout follow-up. For the purpose of the present study we defined patients to 

have maintenance of sinus rhythm during follow-up if they did not have a recurrence 

of AF at every follow-up visit. 

Endpoints 

The primary endpoint of the CONV ERT study was a composite of amiodarone

related (cardiovascular effects, hyper- and hypothyroidism, pulmonary and hepatic 

toxicity, dermatological, ophthalmologic, neurological and gastrointestinal effects) 

and underlying heart disease-related major events (hospital admission for heart 

failure, thromboembolic complications, bleeding, myocardial ischemia or infarction 

and death). In the parent study, no significant difference in incidence rate of the 

primary endpoint was encountered between both treatment strategies. For the 

present analysis, we included 158 patients who had completed at least 1 year of 

follow-up and completed the questionnaires at baseline and 12 months follow-up, 75 

in the episodic group and 83 in the continuous treated group respectively. Another 

51 patients (31 episodic and 20 continuous treated patients) either did not complete 

the questionnaires at either baseline or 1 year or died during follow-up (n=9) and 

were excluded from the present analysis. All the excluded patients did not differ 

significantly from included patients at baseline and follow-up. 
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Quality of Life questionnaire 

Patients were asked to complete questionnaires at baseline {i.e. inclusion visit and 

- 4 weeks prior to ECV) and at 12 months follow-up. Health-related quality of life 

was assessed using the Medical Outcomes Study Short-Form health survey {SF-36) 

questionnaire. The SF-36 is a standardized, validated, generic health survey that 

has been frequently used in arrhythmia studies. The SF-36 has been translated 

and validated in the Netherlands.5 It contains eight subscales. The subscales for 

assessing physical health are general health perception, physical functioning, role 

limitations due to physical problems and bodily pain. Mental health is assessed 

with the subscales social functioning, role limitations due to emotional problems, 

mental health and vitality. Scores are transformed to a scale ranging from 1 to 100, 

with lower scores representing a lower HRQL. Severity of AF-related symptoms was 

assessed using Part C of the University of Toronto AF Severity Scale {AF severity 

scale). This was developed as a disease-specific instrument intended to measure the 

patient's perception of severity of arrhythmia-related symptoms6 and represents an 

AF-specific measurement of Qol. This is a seven-item checklist that includes common 

AF symptoms {e.g. palpitations and dyspnoea). Items are rated on a six-point scale. 

Scores range from O to 35, with higher scores indicating greater AF symptom severity. 

Statistical analysis 

Baseline descriptive statistics are presented as the mean ± standard deviation {SD) 

or median {range) for continuous variables and numbers with percentages for 

categorical variables. At each measurement point all subscales of the SF-36 and 

AF severity scale were compared between the episodic and continuous treatment 

groups. Within each treatment strategy, all subscales of the SF-36 and AF severity 

scale were compared at baseline and 12 months between patients who maintained 

sinus rhythm during follow-up and patients with AF recurrence. For a comparison 

of scores between groups, the Student t-test was used for independent variables. 

For all analyses of differences in scores at baseline and 12 months paired samples 

Student t-tests were used. Effect size was calculated according to Cohen11 by dividing 

the difference within the assigned treatment strategies in the mean changes in 

SF-36 scores from baseline divided by the pooled standard deviation to assess the 
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clinical importance of differences in SF-36 measures. P value of < 0.05 was deemed 

statistically significant. All analyses were performed on an intention-to-treat basis. 

The statistical analyses were carried out using the statistical program SPSS, version 

16.0. 

Results 

The baseline characteristics of the patients in both treatment groups were comparable 

with similar co-morbidity, except for more chronic obstructive pulmonary disease 

in the episodic group (Table 1). At baseline, the mean heart rate was comparable 

between both treatment strategies (92±19 vs 90±19 beats per minute, p=0.5). 

Baseline SF-36 scores were compared with sex and age matched controls. The 

controls scored significantly higher on all but two subscales (mental health and 

bodily pain) indicating, that our study population represents a typical persistent AF 

population (Figure 1A). 

The mean average heart rate during follow-up, irrespective of rhythm, was 

significantly higher in the episodic compared with the continuous group (72±11 vs 

66±12 beats per minute, p=0.003). At 12 months, mean heart rate was also higher in 

the episodic group (76±17 vs 69±18 beats per minute, p=0.01) with fewer patients on 

amiodarone therapy in the episodic group (12 [16%] vs 49 [59%], p<0.001). Patients 

who maintained sinus rhythm during follow-up had significant lower mean average 

heart rate during follow-up (63±8 vs 74±13 beats per minute, p<0.001) and mean 

heart rate at 12 months (64±11 vs 81±19 beats per minute, p<0.001). No difference 

was observed in mean average heart rate in patients with AF recurrence during 

follow-up in both treatment strategies (75±12 vs 73±13 beats per minute, in the 

episodic and continuous group, respectively, p=0.5). 

At 12 months of follow-up, a comparable number of patients were on rate control 

medication (52 [70%] vs 53 [64%] in the episodic vs continuous group, p=0.4). The 

majority of patients were on continuous beta blocker medication from baseline 

(40 [53%] vs 48 [58%] patients, p=0.6). The mean duration of beta blocker use 

was comparable (11.8±3.8 months vs 10.7±5.4 months, p=0.2). At 12 months of 

follow-up, only six patients remained on digoxin from baseline. Digoxin was mostly 
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discontinued early during follow-up (1.2 (0.4-14.2] months in the episodic and 2.2 

[0.7-13.1] months in the continuous group, p=0.9). 

Table 1. Patient characteristics 
Episodic Continuous P-value 

amiodarone amiodarone 
treatment treatment 

(n=75) (n=83) 

Age (years) 68±9 65±9 0.1 
Male, n (%) 43 (57%) 55 {67%) 0.3 
AF/AFL, n (%) 74/1 {99/1%) 79/4 {95/5%) 0.3 
Heart rate at baseline (beats per minute) 92 ±19 90 ±19 0.5 
Total AF duration (days) 525 (55-11,750) 402 (48-9,857) 0.8 
Duration present episode of AF (days) 33 (0-255) 37 (0-917) 0.9 
Complaints of AF, n (%) 71 {95%) 75 {90%) 0.4 

Palpitations, n (%) 29 (39%) 33 (40%) 0.7 
Dyspnea, n (%) 52 (69%) 53 {64%) 0.9 
Fatigue, n (%) 38 (51%) 42 (51%) 0.9 

Underlying diseases 
Coronary artery disease, n {%) 10 {13%) 13 {16%) 0.8 
Valve disease, n (%) 5 (7%) 4 (5%) 0.7 
Cardiomyopathy, n (%) 3 (4%) 2 (2%) 0.7 
Hypertension, n (%) 33 (44%) 40 (48%) 0.6 

H istory of chronic obstructive pulmonary disease, n (%) 13 {17%) 4 (5%) 0.01· 
H istory of diabetes mellitus, n (%) 9 {12%) 9 {11%) 1.0 
H istory of heart failure hospitalization, n (%) 2 (3%) 7 (8%) 0.2 
NYHA class I for heart failure, n {%) 23 {31%) 30 {36%) 0.6 
NYHA class I I  for heart failure, n (%) 52 {69%) 53 (64%) 
Systolic blood pressure (mmHg) 136±17 137±18 0.6 
Diastolic blood pressure (mmHg) 84±11 85±10 0.9 
Left atrial size, long axis (mm) 47±6 45±5 0.04• 
Left ventricular end diastolic diameter (mm) 50±8 51±7 0.7 
Left ventricular end systolic diameter (mm) 35±10 35±7 0.7 
Fractional shortening {%) 31±12 31±9 0.9 
Medication at screening 

Acenocoumarol, n (%) 72 {96%) 83 {100%) 0.2 
Beta blocker, n (%) 45 {60%) 62 (75%) 0.1 
Diuretics, n (%) 26 {35%) 30 (36%) 1.0 
Angiotensin converting enzyme inhibitor, n (%) 35 (47%) 32 {39%) 0.3 
Angiotensin I I  receptor blocker, n (%) 9 (12%) 10 (12%) 1.0 
Digoxin, n (%) 22 (29%) 20 {24%) 0.5 
Verapamil or diltiazem, n (%) 11 (15%) 14 (17%) 0.6 
Statin1 n {%} 10 {13%} 13 (16%} 0.8 

AF= atrial fibrillation; AFL=atrial flutter; Ml= myocardial infarction; NYHA = New York Heart 
Association; *p<0.05. 
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Quality of life in episodic vs continuous treated group 

Short Form-36 scores were comparable between the episodic and continuous 

treated groups at baseline and 12 months (Figure 1B) . The only difference between 

treatment strategies was seen at baseline on the subscale general health with a 

higher score in the episodic group (57 vs 50, p<0.05, Figure 18). In the episodic group, 

an improvement after 12 months was seen on the subscale vitality (+8, p=0.03, 

Figure 1B). In the continuous group, an improvement was seen on the subscales 

role limitations due to physical problems and general health after 12 months (+24, 

p=0.001 and +7, p=0.02, respectively, Figure 1B) . The effect sizes of changes (i.e .  the 

measurement of the magnitude of a treatment effect) in SF-36 scores within the 

treatment strategies were, however, small and below 0.25 (i.e. one-fourth standard 

deviation ) .  Scores on the AF severity scale, indicating perceived severity of AF-related 

complaints, were comparable at baseline and after 12 months in both treatment 

groups (Figure le). 

The incidence of major adverse events was comparable between the episodic and 

continuous treated groups during 12 months of follow-up (19 [25%] vs 20 (24%), 

p=0.9) .  In 26 (16%) patients an amiodarone-related major adverse event occurred (9 

[12%] vs 17 [20%], p=0. l, in the episodic and continuous treated groups, respectively), 

with thyroid dysfunction being the most prevalent. After 12 months, improvement 

on all SF-36 scales was seen independent of the occurrence of an amiodarone

related adverse event (data not shown) .  In total 13 (8%) patients encountered an 

underlying heart disease-related adverse event during 12 months of follow-up . 

Significantly more underlying heart disease-related adverse events occurred in the 

episodic compared to the continuous treated group (10 [13%] versus 3 [4%] , p=0.03) . 

Significant impairment was seen on the subscale bodily pain in patients with an 

underlying heart disease-related major adverse event compared with those without 

(p=0.04) . 
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Chapter 7 

Rhythm control outcome and quality of life 

At the end of follow-up, in total 76 (48%) patients had maintained sinus rhythm, i.e. 

had no recurrence of AF at every follow-up visit. Episodic treatment was significantly 

less successful in achieving maintenance of sinus rhythm after 12 months of follow-up 

(27 [36%] vs 49 [59%] patients, p=0.004). Median number of AF recurrences during 

12 months of follow-up was comparable between both treatment groups (1 [1-2] in 

the episodic vs 1 [1-3] in the continuous treated group, p=0.7). Mean time to first AF 

recurrence was comparable between both treatment groups and occurred relatively 

late (after 244± 192 days in the episodic vs 320±157 days in the continuous treated 

group, p=0.1). Within the treatment strategies there were significant differences in 

Qol, assessed by SF-36 and AF severity scale. In the episodic treated group, after 

12 months of follow-up significant improvement in Qol was seen in patients who 

maintained sinus rhythm during follow-up compared with patients with AF recurrence. 

Improvement occurred on four SF-36 subscales (two subscales assessing physical 

[physical functioning and role limitations due to physical problems] and two assessing 

mental health [social functioning and vitality]) (F igure 2). Furthermore, a significantly 

larger decrease in severity of AF-related complaints as assessed by the AF severity 

scale was observed in the episodic group ( Figure lC). In contrast, in the continuous 

treated group no significant differences in Qol were seen between patients who 

maintained sinus rhythm during follow-up after 12 months of follow-up compared 

with those with AF recurrence. Similar scores on the SF-36 subscales ( Figure 2) and 

comparable decrease in severity of AF-related complaints were observed ( Figure lC). 

Patients who maintained sinus rhythm throughout follow-up seemed to show larger 

improvements in SF-36 scores in the episodic compared with the continuous treated 

group, though it did not reach statistical significance ( Figure 2). Role limitations due 

to physical problems showed a significant larger improvement in case of recurrent 

AF if patients were randomized to continuous amiodarone therapy ( F igure 2). In both 

treatment groups, patients with recurrence of AF showed a trend to worsening of 

role limitations due to emotional problems ( Figure 2). 

132 



I-& w w 

_J 
Cf 
0::: 
I 
+-' 
C: 
QJ 
E 
QJ 
> 
e 
a. 
_§ 

_J 
Cf 
0::: 
I 
tlO 
C: 
·c 
QJ 
Ill 

0 
$ 

30 P=0.04 

1 n il 
□ Maintenance of SR 

25 

I 20 

I * 
15 

I 
10 

5 

0 

-5 
role 
limitations 

.J physical due to -10 functioning physical 
oroblems 

role 
limitations 

bodily general social due to 
pain health functioning emotional 

oroblems 

Episodic Amiodarone Treatment n=75 
Maintenance of sinus rhythm n=27 

Recurrence AF n=48 

mental physical 
health vitality functioning 

• Recurrence AF 

role 
limitations role 

limitations 
due to 
emotional 
oroblems 

due to 
physical 
oroblems 

bodily 
pain 

general 
health 

social 
functioning 

Continuous Amiodarone Treatment n=83 
Maintenance of sinus rhythm n=49 

Recurrence AF n=34 

mental 
health 

Figure 2 Mean changes in SF-36 scores at 12 months from baseline in both treatment strategies according to rhythm control outcome 
AF=atrial fibrillation; HRQL= health-related quality of life; SF-36=Short Form-36 health survey; SR=sinus rhythm 
*p<0.05 permanent sinus rhythm versus recurrence atrial fibrillation 

vitality 

� 
� 
0 -
n 
0 
:, 
:::r. :, 
C: 
0 
C: 
Ill 
< 
� 
Ill 
C: 
Ill 
m 

"C 
iii" 
0 
C. 
n· 
l> 
3 
o· 
C. 
QI 
0 
:, 
n, 
:;I 
n, 
QI 

3 
n, 
:, r+ 
0 
:, 
0 
0 
r-

5· 

l> "T1 



Chapter 7 

Discussion 

Our study shows, that the assigned treatment strategy, episodic or continuous 

amiodarone therapy, does not influence Qol, assessed by SF-36 and AF severity scale, 

during 12 months of follow-up. Successful rhythm control outcome, though, seems 

to influence Qol positively, but only in the episodic group. Episodic amiodarone 

treatment, however, was less effective in successful rhythm control. In the present 

analysis, in continuously treated patients, improvement in Qol between successfully 

and not successfully treated patients was comparable. 

Quality of life and amiodarone 

Our persistent AF patients have lower SF-36 scores, compared to healthy controls, 

which has consistently been shown in previous reports.4• 6 Quality of life improved 

in both our amiodarone rhythm control strategies, as assessed by SF-36 and the AF 

severity scale, without significant differences between the episodic (amiodarone 2 

month peri-(re-) cardioversion) and continuous amiodarone treated groups. This 

may suggest that amiodarone itself does not influence Qol. In line with our findings, 

Dorian et al. have shown, that amiodarone treatment improves SF-36 scores after 

3 months of follow-up in a comparable study population.6 In that study similar 

improvements in SF-36 scores were seen in the sotalol and propafenone randomized 

treatment groups. In the same study, scores on the AF severity scale also decreased 

as well in the amiodarone, as in the sotalol and the propafenone randomized 

patients.12 Another study comparing placebo, short-term and long-term amiodarone 

treatment for the prevention of persistent AF showed no differences in SF-36 scores 

between the 3 groups during follow-up.13 Recently, Mark et al. compared SF-36 

scores in heart failure patients, though mostly without AF, treated with defibrillator 

or amiodarone therapy. Defibrillator therapy improved SF-36 scores at 3 and 12 

months, while amiodarone therapy did not show any impact on SF-36 scores.14 These 

studies highlight that amiodarone therapy did not worsen HRQL as assessed by SF-36. 

Whether this was achieved, however, through a direct effect of amiodarone, either 

by maintaining sinus rhythm or its rate controlling properties during AF, on HRQL and/ 

or through sinus rhythm maintenance remains difficult to ascertain. In this respect, 
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it is important to state that drugs that possess rate controlling properties in addition 

to antiarrhythmic effects may have important advantages. The new antiarrhythmic 

drug, dronedarone, also contains this beneficial combination of drug actions. 15
• 

16 

The impact of major adverse events due to amiodarone therapy on HRQL has, 

however, not been investigated before. Our results showed a similar incidence rate 

of major adverse events after 12 months of follow-up in both treatment strategies 

(19 [25%] vs 20 (24%), in the episodic and continuous group, respectively). This may, 

in part, account for the comparable SF-36 scores after 12 months of follow-up found 

in both groups. In addition, even though the episodic group had more patients with 

AF recurrence the median number of recurrences per patient during 12 months of 

follow-up was one in both treatment groups, resulting in similar SF-36 scores. 

Quality of life and sinus rhythm 

In our study population Qol, assessed by SF-36 and AF severity scale, improved 

significantly if sinus rhythm could be maintained, butonlyin theepisodic treated group. 

Significant Qol improvements were seen on four subscales, with lower severity of 

AF-related complaints in those who maintained sinus rhythm at 12 months of follow

up, indicating that sinus rhythm indeed improves AF-related complaints. The positive 

benefit of sinus rhythm maintenance in the episodic group may, however, have been 

influenced by the timing of AF recurrence. AF recurrence occurred relatively late 

(after a mean of 244 days) and close to completion of the questionnaires and could 

therefore have had a more substantial influence on outcome. Fewer patients in the 

episodic group, however, maintained sinus rhythm throughout follow-up compared 

with patients treated with continuous amiodarone. This was influenced by the fact 

that significantly fewer patients in the episodic group were on amiodarone therapy at 

12 months of follow-up. In line with these findings, Singh et al. also found significant 

improvements on various SF-36 subscales in patients who maintained sinus rhythm 

compared with patients in AF, with significant reduction in perceived AF severity.17 

These patients were all continuously treated with amiodarone. Dorian et al. showed 

that scores on the AF severity scale decreased more in the amiodarone group 

compared with the propafenone and sotalol groups, probably due to the superiority 

of amiodarone in sinus rhythm maintenance.12 We have also previously shown, that 
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improvement in HRQL, assessed by SF-36 is associated with the presence of sinus 

rhythm at the end of follow-up.4 

Interestingly, patients in the continuous group, on the other hand, had similar Qol 

improvement, both on the SF-36 scores and the AF severity scale, independent 

of rhythm control outcome. Even though continuous amiodarone treatment was 

superior to episodic treatment for maintaining sinus rhythm, it did not lead to vaster 

improvement in Qol. The positive benefit of sinus rhythm maintenance on Qol 

may therefore have been counterbalanced by daily amiodarone use. Alternatively, 

the lower heart rate during recurrent AF in the continuous group, due to the rate 

controlling property of amiodarone, may have had favourable effects on Qol, as AF 

recurrences may have been asymptomatic. We did not monitor for AF recurrences 

between follow-up visits to systematically detect asymptomatic recurrences. This 

is also reflected by the larger improvement on the subscale role limitations due to 

physical problems in patients with AF recurrence on continuous amiodarone therapy. 

These results suggest, that substantial improvement in Qol is not achieved by sinus 

rhythm maintenance alone, but especially by sinus rhythm maintenance without 

the need for antiarrhythmic drug use. This poses an interesting question for whom 

episodic amiodarone treatment may be a viable therapy option for successful rhythm 

control. 

Study l imitations 

We studied Qol, using SF-36 and AF severity scale in a small study population. The 

study was, however, a predefined sub-study of the CONV ERT study. Due to the small 

number of patients in this study the power to detect differences between the two 

treatment strategies and their effect on Qol is low. This was also further confounded 

by the exclusion of nearly a quarter of the cohort (51 out of 209 patients), though 

they had comparable baseline characteristics to the included patients. The results 

may have been different with the inclusion of these patients. Our results regarding 

rhythm control outcome and Qol are also based on a small number of patients and 

are an analysis of a subset of patients. The conclusions that have been drawn should, 

therefore, be interpreted with caution and seen as hypothesis-generating. They 

cannot be generally applied to all patients with persistent AF. We used the SF-36, 
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which is a validated questionnaire, but is a tool to measure general HRQL. It may 

also measure complaints due to non-cardiac diseases, and not only cardiac disease 

specific complaints. Questionnaires were not filled out at the time of a recurrence 

of AF or at the time of an amiodarone- or underlying heart disease-related major 

adverse event, but at baseline and after 12 months. In addition, patients might 

have had asymptomatic AF recurrences between follow-up visits, which were not 

detected. The causal relationship between SF-36 and AF severity scale scores and a 

recurrence of AF or occurrence of a major averse event can therefore not be clearly 

established. Longer follow-up may yield different results as the proportion of patients 

maintaining sinus rhythm and the incidence of adverse events may be significantly 

different. 

Conclusions 

In patients with persistent AF episodic amiodarone treatment is not associated with 

higher Qol, assessed by SF-36 and AF severity scale, compared with continuous 

amiodarone treatment. Successful rhythm control outcome influenced Qol positively, 

but seems only in the episodic treated group. 
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Chapter 8 

Great strides have been made in the last decades regarding our understanding of 

the mechanisms and treatment of atrial fibrillation (AF). Once regarded as a benign 

disease AF is now recognized as a condition that leads to increased morbidity and 

mortality.1 The current guidelines state that the management of patients with AF 

consists of more than just the treatment of the rhythm disorder. It is important to 

attain adequate ventricular rate control, prevent thromboembolic complications, 

treat the underlying (cardiac) disease and then decide on a rate or rhythm control 

strategy long-term. In addition, patients should be monitored for future cardiovascular 

problems. 1 As a consequence of the large clinical persistent AF trials AF F IRM (Atrial 

Fibrillation Follow-up Investigation of Rhythm Management) and RACE (Rate Control 

versus Electrical Cardioversion), comparing rate and rhythm control strategies, rate 

control is now the accepted primary treatment option in asymptomatic and elderly 

patients.2-4 In severely symptomatic patients, however, rhythm control remains 

therapy of choice but is difficult to achieve with the current available antiarrhythmic 

drugs. Amiodarone has been shown to be the most effective drug for sinus rhythm 

maintenance in persistent AF patients, but has substantial unfavourable side effects.5-7 

This limits the applicability of amiodarone, which is reflected in the guidelines. 

Amiodarone is not therapy of first choice despite its effectiveness, except in patients 

with severe underlying disease, and is used after other antiarrhythmic drugs have 

failed1 (Figure 1). 

In the previous chapters we evaluated the occurrence of amiodarone-related adverse 

events and strategies to reduce these. In addition, we investigated the effectiveness 

of amiodarone for rhythm control including its effect on quality of life. In the following 

sections the results of these studies are discussed and compared to previous studies. 

Furthermore, future developments in enhancing rhythm control outcome and the 

future role of amiodarone is discussed. 
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Figure 1. Treatment for sinus rhythm maintenance (Adapted from Fuster circulation 2006, with 

permission). 

Novel amiodarone treatment strategies and adverse events 

Amiodarone is associated with many (non-) cardiac adverse events including 

thyroid dysfunction, which can have a detrimental effect on cardiac function leading 

to arrhythmia recurrence and inducing heart failure.1-13 In addition, treatment 

of amiodarone-associated thyrotoxicosis in particular remains a challenge.14• 15 

Thus, preventing the occurrence of adverse events has been a treatment goal. It 

has been suggested that amiodarone-related adverse events are related to long

term use and high daily dosages16• 17, but even the employment of daily low-dose 

amiodarone has not been sufficient in substantially reducing the occurrence of 

adverse events.18 We sought to study two new amiodarone treatment strategies 

compared to the conventional continuous amiodarone treatment in an attempt to 

lower the occurrence of adverse events. We studied adverse event occurrence firstly 

in patients treated with episodic (short-term) amiodarone therapy peri-cardioversion 

and secondly in patients discontinuing amiodarone therapy after maintaining sinus 

rhythm for at least six months on amiodarone (i.e. amiodarone withdrawal). 
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In chapter 2 we investigated amiodarone- and underlying heart disease-related major 

adverse events in patients with a recurrence of persistent AF treated with either 

episodic (short-term) or continuous amiodaronetherapy in the CONV ERT {CONtinuous 

Versus Episodic pRophylactic Treatment with amiodarone for the prevention of atrial 

fibrillation) trial. In addition, we investigated all-cause mortality and cardiovascular 

hospitalizations as a secondary endpoint. In contrast to conventional continuous 

amiodarone treatment, patients in the episodic group only continued a maintenance 

dose of 200 mg daily one month post-cardioversion. After a median of 2.1 years follow

up, patients in the episodic group received significantly lower median cumulative 

amiodarone dosage (48 [16-178] grams versus 123 [19-203] grams, p< 0.001). No 

significant difference in adverse event occurrence between both treatment groups, 

however, was observed. In both groups, the most frequent occurring adverse events 

were thyroid dysfunction and amiodarone-associated cardiac complications (mainly 

bradycardia eventually leading to pacemaker implantation). Interestingly, in the 

episodic group more underlying heart disease-related (admission for heart failure, 

major bleeding and thromboembolic complications) and less amiodarone-related 

(neurological, pulmonary and dermatological complications) adverse events occurred. 

In addition, more all-cause mortality and cardiovascular hospitalizations were 

encountered in the episodic group. This was mainly driven by more hospitalizations 

for electrical cardioversions, with comparable mortality in both groups. In chapter 

4, we also studied the occurrence of amiodarone-related adverse events in a much 

smaller set of patients who discontinued amiodarone therapy after maintaining 

sinus rhythm for at least six months on amiodarone treatment without previous 

adverse events compared to the conventional continuous amiodarone strategy. After 

a mean follow-up of 1.6±0.6 years, a comparable percentage of patients (30% of 

patients in both groups) encountered amiodarone-associated thyroid dysfunction. 

Thyrotoxicosis was again the most prevalent adverse event, consistent with our 

findings in the larger CONV ERT trial. 

Several factors may have contributed to the comparable incidence rate of adverse 

events in the episodic and continuous amiodarone treatment groups, and the 

observed higher incidence of underlying heart disease-related and lower incidence 

of amiodarone-related adverse events in the episodic group. Firstly, both our studies 
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revealed thyroid dysfunction to be the most frequent occurring amiodarone-related 

adverse event. This has also been consistently shown in other studies.7 There 

is, however, no conclusive data on the role of cumulative amiodarone dosage in 

the occurrence of amiodarone-related thyroid dysfunction.16• 17• 19 Amiodarone

related thyrotoxicosis especially can occur suddenly, explosively and even after 

discontinuation of amiodarone therapy, 19, as was the case in our withdrawal study. 

Amiodarone-related thyrotoxicosis occurred from 4 to 11 months after amiodarone 

discontinuation. Amiodarone is accumulated in various tissues and is then slowly 

released with ongoing toxic effect.1° Cumulative amiodarone dosage may, however, 

have played a part in the occurrence of other less frequent occurring amiodarone

related adverse events such as pulmonary toxicity [n=2, incidence rate per 100 

person-years 1.1 (0.3-4.4)], neurological [n=3, incidence rate per 100 person-years 

1.6 (0.5-5.1)] and dermatological [n=2, incidence rate per 100 person-years 1.1 (0.3-

4.4)] complications. These complications were not observed in the episodic treated 

group. Interestingly, these complications were also not observed in the patients in 

our amiodarone withdrawal study, although these patients had on average a median 

duration of amiodarone use of at least one year and cumulative amiodarone dose of 

83 grams. However, patients who had previously encountered amiodarone-related 

adverse events were in fact excluded from this trial resulting in a positive bias of 

patients less susceptible to adverse events. 

Secondly, amiodarone has a complex set of properties including a long half

life, beta blocking and anti-anginal properties as well as interaction with oral 

anticoagulation with an impact on cardiovascular morbidity. Patients in the episodic 

group experienced more amiodarone-associated cardiac complications as well as 

underlying heart disease-related adverse events including admissions for heart 

failure, bleeding and thromboembolic complications. In the episodic group, more AF 

recurrences occurred with subsequent re-loading with higher amiodarone dosages 

and electrical cardioversions, facilitating recognition of significant bradycardia and 

hence leading to pacemaker implantation. Moreover, higher daily amiodarone 

dosages are associated with an increased risk of pacemaker implantation due to 

the beta blocking property of amiodarone.20 Half of patients hospitalized for heart 

failure had AF at the time of admission. Discontinuation of amiodarone rendered the 
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patients more susceptible to AF recurrence with possible higher heart rates in the 

absence of the beta blocking property of amiodarone. In addition, heart failure may 

also have been ischemia induced as amiodarone has anti-anginal properties as well. 

Finally, amiodarone use is further known to increase serum levels of anticoagulants. 

Both bleeding and thromboembolic complications occurred more frequently in the 

episodic group, possibly due to an increased instability of INR caused by not using 

amiodarone continuously. 

At the time we conducted our CONV ERT trial it was not common practice to 

investigate the incidence of drug-related adverse events and cardiovascular morbidity 

as the primary outcome. Most persistent AF rhythm control trials were designed to 

focus on rhythm control outcome i .e. maintenance of sinus rhythm. In recent years, 

however, limiting cardiovascular morbidity and mortality has gained importance 

in the treatment of AF patients. In the ATHENA trial (A placebo-controlled, double 

blind, parallel arm Trial to assess the efficacy of dronedarone 400 mg bid for the 

prevention of cardiovascular Hospitalization or death from any cause in patiENts 

with Atrial fibrillation/atrial flutter), comparing the new class Ill antiarrythmic 

drug dronedarone with placebo, the primary outcome was hospitalizations due to 

cardiovascular events or death in more than 4600 high-risk patients with AF during a 

mean follow-up of 21 months.21 Incidence of the primary endpoint was significantly 

lower in the dronedarone compared to the placebo group. This was mainly driven 

by fewer hospitalizations for AF. In addition, fewer patients were admitted for acute 

coronary syndrome and fewer deaths occurred from cardiac arrhythmias. These 

results are, to an extent, comparable to the CONV ERT trial where we saw a higher 

incidence of cardiovascular hospitalizations in the episodic treated group mainly 

due to more hospitalizations for electrical cardioversions, but comparable mortality 

in both groups. The latter, however, could not be properly evaluated as only 209 

patients were included in our study instead of more than 4600 in the ATHENA trial. 

Both our studies revealed that using novel amiodarone strategies, being either episodic 

(short-term) amiodarone treatment peri-cardioversion, or amiodarone withdrawal 

after long-term maintenance of sinus rhythm, do not reduce the occurrence of major 

adverse events (especially thyroid dysfunction), increase cardiovascular morbidity 

and are therefore not strategies that can be advocated. 
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Amiodarone-associated thyroid dysfunction: predictors and outcome 

Our two studies clearly illustrate that the primary goal of preventing the occurrence 

of amiodarone-related adverse events cannot be obtained using novel amiodarone 

treatment strategies. We therefore explored a different approach by trying to identify 

patients at risk of developing amiodarone-associated thyroid dysfunction. This may 

potentially be helpful in ensuring a better cardiovascular outcome in these patients. 

In chapter 5 we investigated the incidence of, and predictors for amiodarone

associated hypothyroidism and thyrotoxicosis after a median of 3.3 years follow-up in 

patients treated with amiodarone for AF or ventricular arrhythmia. Thyroid function 

was assessed every 6 months as is recommended by the American association of 

clinical endocrinologists guidelines.22 We also studied thyroid dysfunction treatment 

outcomes. Consistent with findings from our other two studies we observed a 

higher incidence rate of amiodarone-associated thyrotoxicosis (8%, incidence rate 

1.9 per 100 person years) compared to hypothyroidism {6%, incidence rate 1.1 

per 100 person years). The only predictor we observed for amiodarone-associated 

thyrotoxicosis was age < 62 years, and for amiodarone-associated hypothyroidism 

thyroid stimulating hormone serum levels at baseline > 1.4 mU/L, left ventricular 

ejection fraction < 45% and diabetes mellitus at baseline. Cumulative amiodarone 

dosage was not associated with thyroid dysfunction occurrence. Our results are in 

line with previous data from the Netherlands with a higher incidence of amiodarone

associated thyrotoxicosis.19 This may in part be explained by ambient iodine intake .23• 

24 The incidence of amiodarone-associated hypothyroidism is higher in iodine replete 

regions such as the USA compared to relative iodine deficient areas such as Italy 

and the Netherlands.23 Normally exogenous iodine ingestion leads to a temporary 

inhibition of thyroid hormone production (Wolff-Chaikoff effect). Patients who 

develop amiodarone-associated hypothyroidism fail to escape this effect.25 The 

predictors for amiodarone-associated thyroid dysfunction we found are partly 

consistent with previous data. Young age and male gender have been associated 

with amiodarone-associated thyrotoxicosis.26• 27 More specific predictors have yet 

to be identified though, which seems consistent with the clinical observation that 

this condition is unpredictable by nature. Gaining more insight into the mechanisms 

involved in amiodarone-associated thyrotoxicosis on a cellular and genetic level may 
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aid our u ndersta nd ing of why certa in  patients a re at h igher risk for developing this 

condition .  Previous o bserved predictors of am ioda rone-associated hypothyroidism 

have been depressed left ventricu lar function, orga n ic  thyroid pathology, e levated 

levels of anti-thyroid anti bod ies and fema le  gender.19' 26 Approxi mately 30% of 

patients with congestive heart fa i l u re have low T3 syndrome, which is defined by 

low T3 but norma l  thyroid stim u lating hormone and FT4 serum leve ls.  The decrease 

i n  serum T3 is proportiona l  to the severity of heart fa i l u re assessed by NYHA class.28 

In experimenta l stud ies low T3 syndrome leads to the same cha nges in ca rdiac 

function and gene expression as primary hypothyroid ism.29 I n  spite of thyroid 

dysfu nction being m ore preva lent in  women in the genera l  population, especia l ly 

autoimm une mediated such as Graves' and Hash imoto's d isease30, 31, we did not 

find female gender to be associated with am ioda rone-associated hypothyroidism. 

Patients with underlying thyroid disease a re more at risk of developing a miodarone

associated hypothyroid ism due to an increased preva lence of fa i l u re to esca pe the 

Wolff-Cha ikoff effect.25 We did not have data on a nti-thyroid anti bodies in  these 

patients, but none of them had a history of thyroid d isease. I n  addition, our resu lts 

may have been affected by the larger population studied and gender ba la nce i n  

our  study. The previous reports on ly  stud ied sma l l  n u m ber  of  patients and mai nly 

males .  I nterestingly, we a lso fou nd h igher thyroid sti m u lati ng hormone serum leve ls 

to be associated with development of a miodarone-associated hypothyroid ism.  It 

has been shown that higher thyroid stimu lating hormone levels  a re associated with 

an increased risk of deve loping hypothyroid ism.32 Although our resu lts a re mai n ly 

compatib le  with previous find ings, unfortu nately, these a re on ly genera l  pred ictors 

and do not aid c l in ic ians in identifyi ng patients at risk of developing a miodarone

associated thyroid dysfunction .  

Treatment of  patients with a m ioda rone-associated hypothyroidism in  our study 

consisted of levothyroxine su bstitution with retu rn to the euthyroid state ( i .e .  

norma l ization of thyroid stimu lating hormone leve ls) and  10 out of 12 patients 

continu ing amioda rone thera py. This is in l i ne  with the current guidel ines.22 Only 

ha lf of patients with a miodarone-associated thyrotoxicosis had compla ints, which 

were mostly pal pitations .  This is possi bly due to the down-regulation of cardiac beta

adrenoreceptor density due to an a ntagon istic effect on T/3 Treatment of these 
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patients was, however, more varied. Return to the euthyroid state was achieved in 

22% of patients with continuation of amiodarone therapy. Another 30% of patients 

showed normalization of thyroid function after only cessation of amiodarone 

therapy. Time to return of normal thyroid function was comparable between 

patients who continued or discontinued amiodarone therapy. Data on treatment 

outcome in amiodarone-associated thyrotoxicosis and amiodarone discontinuation 

is very limited. Small reports have shown outcome not be influenced by amiodarone 

discontinuation.34• 35 Our data are consistent with these results showing that 

continuation of amiodarone may not negatively influence outcome. So, although 

amiodarone-associated thyroid dysfunction cannot be predicted using clinical 

parameters, outcome in these patients does not seem to be negatively influenced 

by continuation of amiodarone. Currently, a clinical trial is being conducted for 

the treatment outcome of amiodarone-associated thyrotoxicosis and amiodarone 

continuation. These results are eagerly awaited. 

Rhythm control 

In an effort to optimize rhythm control we also investigated outcome in the two novel 

amiodarone treatment strategies (episodic [short-term] amiodarone treatment peri

cardioversion and amiodarone withdrawal) compared to the conventional continuous 

amiodarone treatment. 

Most AF recurrences occur within one month after electrical cardioversion.36· 37 

Bridging this critical arrhythmogenic period with short-term amiodarone therapy 

may be sufficient for long-term rhythm control in certain patients. Clinical studies 

have also demonstrated recovery from electrical and contractile remodeling, but not 

structural remodeling, due to restoration of sinus rhythm.31-40 In tachy-paced induced 

AF animal models amiodarone, however, has been shown to reverse and prevent 

both electrical and structural remodeling that occurs with AF, which may theoretically 

make it possible to discontinue amiodarone therapy as stretch remodeling, i .e. the 

substrate for AF, has vanished.41• 42 

We also studied rhythm control outcome in our 2 novel amiodarone treatment 

strategies. In chapter 2, 3 and 6 we studied whether by limiting amiodarone exposure 

to one month loading prior to electrical cardioversion and one month maintenance 
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treatment post-cardioversion we may also achieve adequate rhythm control. Most 

patients in the episodic group encountered AF recurrence during a median of 2.1 

years of follow-up (F igure 2}. At the end of follow-up 48% of patients in the episodic 

versus 62% of patients in the continuous treated group were in sinus rhythm (p=0.05}. 

Patients in the episodic group, however, underwent more chemical and electrical 

cardioversions (p< 0.001} (Figure 3}. The predictors for sinus rhythm maintenance 

were CHADS2 � 1 and continuous amiodarone treatment. 
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In chapter 4, we investigated whether amiodarone could be discontinued after 

achieving long-term sinus rhythm on amiodarone therapy, and still maintain 

successful rhythm control. After a mean follow-up of 1.6 years more patients in the 

withdrawal group had AF recurrence (82 versus 45% of patients, p=0.002), which 

occurred significantly earlier than in the continuous group (0.8 versus 1.3 years, 

p=0.03). 

Why did the two novel amiodarone treatment strategies (episodic [short-term] 

amiodarone treatment and amiodarone withdrawal) show low efficacy for successful 

rhythm control? Patients who were included in our studies already had a substantial 

AF substrate. They had a median AF duration of more than one to four years, had 

undergone previous electrical cardioversions and had enlarged left atria. This is also 

reflected in low CHADS2 score being predictive for sinus rhythm maintenance. Atrial 

remodeling occurs even before the first episode of AF manifests itself43 (Figure 4). 

permanent 

Years +5 +1 0 + 1 5 +20 

Figure 4. Progression of remodeling and atrial fibrillation (Adapted from Cosio, Europace 2008, 

with permission) 
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This remodeling process continues as AF progresses from paroxysmal to persistent 

and ultimately permanent AF. Our patients were treated with amiodarone late in 

the remodeling process. Amiodarone was not able to prevent AF recurrences by 

reversing atrial remodeling, but could only delay AF recurrence. This was observed 

in both our studies. The curve for first AF recurrence in the episodic group was 

less steep, but after a follow-up of 2 years comparable to the placebo curve in the 

SAFE-T (Sotalol Amiodarone atrial Fibrillation Efficacy Trial) study, representing only 

a slight delay in AF recurrence on short-term amiodarone therapy.6 Our continuous 

amiodarone curve was similar to the curves in the SAFE-T and CTAF (Canadian Trial 

of Atrial F ibrillation) studies with approximately 60% of patients in sinus rhythm after 

2 years5• 6 (Figure 5). 
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Also, in the amiodarone withdrawal group AF recurrence was delayed for a longer 

period, but still occurred. In conclusion, to attain optimal rhythm control with 

amiodarone it must be administered continuously. 
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Type D personality 

The influence of psychological factors on outcome has been extensively studied in 

coronary artery disease. Depression is associated with an adverse cardiac outcome 

in part due to poor treatment adherence.44 Type D personality (conjoined effect of 

negative affectivity and social inhibition) has also been shown to be predictive of 

adverse clinical outcome.45 There is, however, very limited data available on the role 

of Type D personality in rhythm control outcome. 

In chapter 7 we investigated the influence of Type D personality on rhythm control 

outcome in the CONV ERT trial . Patients were treated with either episodic short-term 

amiodarone or continuous amiodarone treatment. Out of 207 patients 35 (17%) had 

Type D personality. In the continuous group, AF recurrence occurred significantly 

earlier in Type D patients while most were on amiodarone therapy (82% versus 67%, 

p=0.3) After a median follow-up of 2.1 years significantly more Type D patients were 

in sinus rhythm though at the cost of more electrical cardioversions and showing a 

trend for lower amiodarone serum levels mean sum throughout follow-up (Figure 6). 
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These findings may be explained by poorer therapy adherence resulting in less 

effective rhythm control. Nevertheless, these patients were motivated to obtain 

sinus rhythm as the number of electrical cardioversions show. Treatment adherence 

is a multidimensional problem and has been investigated in heart failure patients.46 

Patients with heart failure and depression have shown a trend for worse outcome in 

part due to non-adherence.47 Type D patients who have chronic heart failure have 

shown to be less able to manage their disease including treatment and life-style 

changes.48 They were also less likely to have a healthy life-style including diet and 

physical activities.49 Personality Type D may also have an effect on outcome through 

interaction with the immune system. Possible mechanisms include an increase in pro

inflammatory markers that have been identified in AF patients, which are correlated 

to success of rhythm control therapy.50
•
53 In addition, a higher proportion of Type D 

patients had a history of coronary artery disease and less betablocker use which is a 

known substrate for AF recurrence.54 Our results show that psychological factors may 

be of importance in rhythm control outcome, either through an effect on treatment 

adherence, or possibly a direct effect. Addressing these factors in a comprehensive 

AF treatment plan may aid in optimizing rhythm control. 

Quality of life 

Improving quality of life is one of the major goals in AF treatment. Quality of life 

in AF is a wide concept, which is not only determined by disease-related aspects 

such as symptoms, rhythm maintenance and mode of rhythm control but also by 

psychological aspects such as depression and neuroticism.55
•
59 

In chapter 8 we assessed quality of life, using the general SF-36 questionnaire and 

the AF-specific AF-related symptom severity scale, during 12 months of follow-up in 

a sub-population of patients included in the CONV ERT trial. Patients were treated 

with either episodic short-term amiodarone or continuous amiodarone treatment. 

We also studied the effect of successful rhythm control on quality of life. Our study 

showed that quality of life during follow-up was comparable in both treatment 

strategies. In the episodic group, successful rhythm control positively influenced 

quality of life with improvement on 4 SF-36 subscales and significant decrease in 

symptom severity. In the continuous group, however, quality of life was comparable 

independent of rhythm control outcome. 
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Other rhythm control trials have reported improvement in quality of life independent 

of treatment strategy, and showed a positive benefit of sinus rhythm maintenance. 

In a sub-study of the CTAF, patients in the amiodarone and propafenone/sotalol 

group showed similar improvements on 4 SF-36 subscales as well as reduction of 

symptom frequency and severity during the first 3 months of follow-up.58 There were 

no differences in quality of life scores after 3 months to the end of follow-up. Patients 

who had AF recurrence during the first 3 months had significantly worse global 

well-being, higher symptom frequency and severity compared to those in sinus 

rhythm. In the SAFE-T study, which compared placebo, sotalol and amiodarone for 

sinus rhythm maintenance, showed no significant differences on SF-36 scales from 

baseline to one year of follow-up between the 3 treatment groups.6 In a sub-study, 

patients in sinus rhythm and with recurrent AF were compared.59 Patients, which 

maintained sinus rhythm, showed significant improvement on 4 SF-36 subscales 

and reduced AF symptom severity at 8 weeks of follow-up. At 12 months of follow

up only significant improvement on 2 SF-36 scales were seen in patients with sinus 

rhythm. In both these trials continuous amiodarone treatment was used. Although 

continuous amiodarone treatment was more effective for successful rhythm control 

in our population (59% versus 36%, p=0.004), no difference in quality of life was 

observed between patients in sinus rhythm and with AF recurrence. This may be 

explained by several factors. First, patients in the continuous treated group may have 

experienced more asymptomatic AF recurrences due to the rate controlling property 

of amiodarone. Daily amiodarone use may have had a negative effect on quality of 

life. This seems to be supported by the improvement in quality of life observed in the 

episodic group, who had discontinued amiodarone, and maintained sinus rhythm. In 

addition, psychological factors may also have contributed. In chapter 7 we showed 

that patients with Type D personality did not improve in quality of life and had a 

higher severity of AF-related complaints, despite the fact they were in sinus rhythm 

more often. Our findings, thus, show that quality of life is multifaceted and is affected 

by many factors including psychological factors, antiarrhythmic drug use and rhythm. 
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Future perspectives 

Our results bring the tight rope that is navigated by clinicians between improving 

outcome by maintaining sinus rhythm and preventing adverse outcome due to 

antiarrhythmic drugs use to the fore. The AF F IRM trial which compared a rate versus 

rhythm control strategy showed a trend towards an increase in overall mortality 

in patients treated with rhythm control after an average of 3.5 years.2 A sub-study 

showed that achieving sinus rhythm resulted in reduction of mortality but was 

counterbalanced by an increase in mortality due to antiarrhythmic drug use.60 As we 

are moving away from the age-old debate of rate versus rhythm control there has 

been a tendency to seek new AF treatment goals. Emphasis is now being placed on 

quality of life and early treatment with prevention of atrial remodeling e.g upstream 

therapy and non-pharmacological rhythm control. Furthermore, prevention of 

cardiovascular morbidity and mortality not only due to the underlying conditions 

associated with AF but also due to use of antiarrhythmic drugs currently available is 

a major issue. New antiarrhythmic drugs are therefore being developed to be safe 

especially regarding cardiovascular morbidity and mortality. 

Non-pharmacological rhythm control 

Transvenous pulmonary vein isolation (PV I) has become the cornerstone of catheter 

ablation for AF and is currently therapy of choice if patients fail antiarrhythmic drugs.1 

The advent of PV I has not heralded, however, the demise of antiarrhythmic drugs. 

Pulmonary vein isolation is reported to be effective in 60-85% of patients, especially 

in those with paroxysmal short lasting episodes of AF.61"66 Outcome is still not optimal 

as complications may occur in up to 6% of patients and approximately one-third of 

patients require a second procedure.67 Moreover, interpreting and comparing the 

available data on non-pharmacological rhythm control has been complicated by the 

variation in patient characteristics, AF type included, success definition, duration of 

follow-up, energy sources and techniques used in the various studies. There is great 

need for randomized trials with standardized outcome measures including quality 

of life to allow adequate comparisons. This will help to optimize selection of AF 

patients who will benefit the most from non-pharmacological rhythm control and 
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enhance outcome in the future. Pharmacological treatment will, however, remain 

the mainstay of rhythm control therapy for the foreseeable future. 

New antiarrhythmic drug: Dronedarone 

A new and promising class Ill antiarrhythmic drug that has been developed is 

dronedarone. It is a non-iodinated amiodarone derivative, with electrophysiological 

properties belonging to all four Vaughan-Williams classes and an elimination half

life of 1-2 days.68 Dronedarone 400 mg twice daily has shown to result in more 

spontaneous conversions and improved sinus rhythm maintenance compared 

to placebo.69• 70 A significant elevation of serum creatinine was observed, but no 

increased incidence of proarrhythmia, lung and thyroid toxicity were encountered. 

Higher dronedarone doses were not more effective for rhythm control and associated 

with more gastrointestinal side effects.69 In the two placebo-controlled trials, EU RI DIS 

(European Trial in Atrial Fibrillation or Flutter Patients receiving Dronedarone for the 

Maintenance of Sinus Rhythm) and ADONIS (American-Australian-African Trial with 

Dronedarone in Atrial F ibrillation or flutter Patients for the Maintenance of Sinus 

Rhythm), dronedarone (400 mg bid) was not only shown to be effective for rhythm 

control but also in controlling ventricular rate.70 The rate controlling property of 

dronedarone in permanent AF was further investigated in the ERATO (Efficacy and 

safety of dRonedArone for The control of ventricular rate during atrial fibrillation) 

trial, showing a reduction in mean 24-hour ventricular rate of approximately 12 beats 

per minute compared to placebo after two weeks of treatment.71 The rate-control 

effects were greater during exercise, sustained during long-term treatment and were 

additional to other rate-lowering drugs. 

In addition to being effective for rhythm and rate control, more importantly even, 

dronedarone has also shown to lower cardiovascular hospitalization and death in 

the ATHENA trial.21 The primary analysis showed a lower incidence of cardiovascular 

hospitalization in the dronedarone group mainly due to fewer admissions for AF. In a 

sub-analysis, dronedarone was also shown to reduce the risk of stroke from 1.8% to 

1.2% per year in patients with mean CHADS2 scores of two,72 which is undoubtedly 

one of the major complications of AF. The positive effect of dronedarone on stroke 

reduction was independent of oral anticoagulation use at baseline. Stroke reduction 
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may have been accomplished by more effective rhythm control and blood pressure 

lowering effect of dronedarone, which was observed in the main analysis. 

In a higher risk AF population of patients with recent hospitalization for new or 

worsening heart failure and impaired ventricular function, dronedarone was 

associated with increased early mortality related to heart failure in the prematurely 

discontinued ANDROMEDA (Anti-arrhythmic Trial with Dronedarone in Moderate 

to Severe Congestive Heart Failure Evaluating Morbidity Decrease) trial. An ad hoc 

analysis from the ATHENA trial showed no increased mortality in patients with stable 

NY HA 1 1/1 1 1  class of heart failure and impaired left ventricular function.73 Patients 

with heart failure have highest mortality risk after a recent hospitalization for heart 

failure.74 Medication changes may have been inappropriately implemented due to 

an increase in serum creatinine, falsely thought to reflect impaired renal function. 

Dronedarone causes a decrease in renal creatinine clearance without evidence of an 

effect on glomerular filtration rate possibly as a result of a specific partial inhibition of 

tubular organic-cation transporters.75 This may have contributed to worse outcome. 

Dronedarone has been shown to be effective and safe in AF patients, including those 

with stable heart failure, compared to placebo. The last remaining question is how 

effective and safe dronedarone is compared to the current available antiarrhythmic 

drugs. The DIONYSOS (Study to Evaluate the Efficacy and Safety of Dronedarone 

versus Amiodarone in Patients with Persistent Atrial F ibrillation) trial was conducted 

to directly compare dronedarone and amiodarone for sinus rhythm maintenance 

and adverse events after short-term median follow-up of 7 months.76 More than 

500 patients with persistent AF and on oral anticoagulation were randomized 

to either dronedarone or amiodarone who underwent electrical cardioversion 

if spontaneous conversion had not already occurred. Dronedarone had higher AF 

recurrence rate during follow-up (63.5% versus 42.0%), and lower spontaneous 

conversions compared to amiodarone (12% versus 33%). By contrast, fewer thyroid, 

neurological, skin and ocular adverse events were observed in the dronedarone 

group. Also patients on amiodarone showed significantly more hemorrhagic events 

as INR levels were above the therapeutic range in a greater proportion of patients. 

In conclusion, dronedarone has so far shown to be moderately effective for rhythm 

control. In addition, and of major importance, a positive benefit on cardiovascular 
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morbidity and mortality compared to placebo was demonstrated. Effectiveness for 

rhythm control is, however, lower compared to amiodarone, but with a much better 

safety profile. As the available data suggest, dronedarone seems to have comparable 

efficacy for rhythm control as class IC antiarrhythmic drugs and sotalol. 

Future role of amiodarone 

This thesis has reported on the safety and efficacy of amiodarone. Amiodarone 

is effective for rhythm control but this is offset by the substantial toxicity. With 

the emergence of the new class I l l  antiarrhythmic drug dronedarone, the role of 

amiodarone in AF treatment has to be reviewed. Dronedarone has been shown to 

be safe, reducing cardiovascular morbidity and mortality though at the cost of lower 

efficacy compared to amiodarone. In severe heart failure patients it did increase 

heart failure mortality. Amiodaron will therefore maintain its role in patients 

with severe heart failure. In the majority of patients, however, amiodarone will 

probably be overtaken by dronedarone, non-pharmacological therapy or other new 

antiarrhythmic drugs. 
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Summary 

Atrial fibrillation (AF) is the most prevalent cardiac arrhythmia and the incidence of 

AF is set to rise further as the general population in the Western world achieves 

greater age. Rhythm control remains therapy of choice in symptomatic patients. 

Large clinical trials have shown, however, that AF treatment aimed at attaining 

long-term successful rhythm control is still far from optimal. Amiodarone, a class Il l 

antiarrhythmic drug with additional class I, II and IV activities, has been shown to be 

the most effective drug for sinus rhythm maintenance in patients with persistent AF. 

Amiodarone therapy is, however, often accompanied by the occurrence of serious 

adverse events, thought to be associated with long-term treatment. The aim of 

this thesis is to evaluate whether alternative strategies of amiodarone therapy may 

reduce amiodarone-related adverse events while being safe and effective at the 

same time. Furthermore, this thesis investigated amiodarone-associated adverse 

events, especially thyroid dysfunction, and the effect of amiodarone treatment on 

quality of life. Finally, the role of Type D personality (the conjoined effect of negative 

affectivity and social inhibition) on AF treatment outcome in amiodarone treated 

patients was studied. 

In the introduction of this thesis, chapter 1, the 2 important aspects of amiodarone 

treatment are described. Firstly, it has been shown to be the most effective 

antiarrhythmic drug available for sinus rhythm maintenance, without resulting in an 

increase in mortality and can also safely be instituted in patients post-myocardial 

infarction. Long-term sinus rhythm maintenance rate of amiodarone therapy 

in patients with AF is approximately 60% after 2 years of follow-up. Secondly, 

amiodarone therapy is unfortunately associated with substantial adverse effects. 

The most frequent occurring non-cardiac adverse event is thyroid dysfunction. 

Lung toxicity is another clinically important non-cardiac adverse event, because it 

can be fatal. It has, however, a low incidence. Cardiac adverse effects consist mainly 

of bradyarrhythmias, including sinus bradycardia and atrioventricular conduction 

disturbances. In contrast to other class I l l  antiarrhythmic drugs torsades de pointes 

occur only rarely. 

In chapter 2, we investigated a novel short-term amiodarone treatment strategy for 

persistent AF. Patients with symptomatic recurrence of persistent AF were randomized 

to either episodic (short-term) amiodarone treatment (amiodarone instituted only 
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2 months peri-cardioversion), or to continuous amiodarone treatment (CONV ERT 

trial). Adverse events may be associated with high amiodarone dosages and long

term treatment. In addition, most AF recurrences occur within one month after 

electrical cardioversion. We hypothesized that by limiting amiodarone exposure we 

could lower the adverse event rate, while still aiming to achieve adequate arrhythmia 

suppression, albeit at the costs of more cardioversions. The CONV ERT trial, however, 

showed that the prevalence of adverse events, both amiodarone-related as well as 

underlying heart disease-related, was comparable between both groups. Thyroid 

dysfunction occurred most frequently with an incidence rate that was comparable 

between both treatment groups, albeit that follow-up was limited to 2 years. 

Interestingly, patients in the episodic group encountered more underlying heart 

disease-related adverse events such as admissions for heart failure, major bleeding 

and thromboembolic complications. Moreover, more cardiovascular hospitalizations 

including for electrical cardioversions were encountered in the episodic group. We, 

thererfore, concluded that this novel strategy of short-term episodic amiodarone 

treatment does not lower the occurrence of adverse events and results in less 

successful rhythm control and thus cannot be advocated as a valid treatment strategy. 

In chapter 3, we investigated another novel strategy, i.e. whether amiodarone 

treatment can be discontinued after achieving long-term (> 6 months) sinus rhythm 

as amiodarone-associated adverse events often preclude long-term prophylactic 

therapy and the possible occurrence of reversed remodeling during sinus rhythm 

may prevent recurrent AF. Patients with sustained sinus rhythm for at least 6 months 

on amiodarone therapy were randomized to either continuation or withdrawal of 

amiodarone therapy. Our study showed, however, that AF recurrences occurred more 

often and earlier in the withdrawal compared to the continuation group. Thyroid 

dysfunction was the most frequent occurring adverse event. It not only occurred 

during amiodarone therapy but also during the first 12 months after withdrawal of 

amiodarone therapy. Our results, thus, reveal that amiodarone treatment cannot be 

discontinued in patients with persistent AF with substantial AF substrate as was the 

case in our population. The vast majority of our patients had underlying hypertension 

(85%) and a long median history of AF (approximately 4 years). 
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In chapter 4, we sought to identify predictors for amiodarone-associated thyroid 

dysfunction and to assess treatment outcome in patients on long-term amiodarone 

treatment. Thyroid dysfunction can have a detrimental effect on cardiac function 

resulting in heart failure and arrhythmias. In our study, performed in the Netherlands, 

thyrotoxicosis was more prevalent compared to hypothyroidism. We observed only 

general predictors associated with amiodarone-associated thyroid dysfunction and 

no gender difference. Importantly, treatment outcome in amiodarone-associated 

thyrotoxicosis was not influenced by amiodarone continuation. Although we 

could not identify clinically relevant predictors for amiodarone-associated thyroid 

dysfunction we did show that amiodarone can be continued without a negative 

effect on outcome. 

In chapter 5, we studied predictors for long-term sinus rhythm maintenance in 

the CONV ERT trial. We identified low CHADS2 score and continuous amiodarone 

therapy to be associated with long-term sinus rhythm maintenance. The CHADS2 

score encompasses 5 variables (.�ongestive heart failure, .!:iypertension, 8ge > 

75 years, Qiabetes mellitus and prior ,S.troke) and is used to determine the risk of 

thromboembolic complications in patients with AF. Each variable is awarded 1 point 

except prior stroke, which is awarded 2 points. Higher scores indicate higher risk 

of thromboembolic complications. Some of the parameters incorporated in the 

CHADS2 score have shown to be related to long-term sinus rhythm maintenance. 

Low CHADS2 score may, therefore, reflect less advanced atrial remodeling resulting 

in more successful rhythm control. 

In chapter 6, we studied in the CONV ERT trial the role of psychological factors on 

rhythm control outcome. Type D personality has been shown to be associated with 

worse outcome in patients with coronary artery disease. In our study 35 out of 

207 patients (17%) had type D personality. We showed that patients with Type D 

personality treated with continuous amiodarone therapy had more AF recurrences 

and underwent more electrical cardioversions to achieve sinus rhythm. This did not, 

however, lead to an improvement in quality of life. Throughout follow-up they had 

lower amiodarone and desethylamiodarone serum levels, which may be a reflection 

of lower therapy adherence. Modifying this psychological factor may result in 

improved rhythm control outcome and warrants further study. 
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In chapter 7, quality of life was assessed in the CONV ERT trial. We demonstrated that 

quality of life was comparable in both treatment groups. Maintaining sinus rhythm 

throughout follow-up resulted in improvement in quality of life in the episodic treated 

group. This was, however, not replicated in the continuous treated group. In the 

continuous group, improvement in quality of life was seen independent of the actual 

rhythm. This may be due, in part, to the rate controlling property of amiodarone 

resulting in asymptomatic recurrences. In addition, quality of life may be negatively 

influenced by the need for daily amiodarone use in the continuous group. Thus, our 

data suggest that quality of life improves the most by achieving successful rhythm 

control without the need for antiarrhythmic drugs. 

In the discussion of this thesis, chapter 8, we critically appraised our results in light of 

currently available rhythm control approaches. Furthermore, future developments 

in AF treatment including the new antiarrhythmic drug dronedarone are discussed. 

Amiodarone will maintain its role in patients with severe heart failure. In the majority 

of patients, however, amiodarone may be replaced in the future by dronedarone 

(possibly), non-pharmacological therapy, other new antiarrhythmic drugs, or, 

alternatively accepting AF. 
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Boezemfibrilleren is de meest voorkomende hartritmestoornis en de incidentie van 

boezemfibrilleren zal verder stijgen met een toenemend ouder wordende populatie 

in de Westerse wereld. Ritmecontrole (streven naar sinusritme} is de therapie van 

keuze in symptomatische patienten. Grote klinische studies hebben echter laten zien 

dat de behandeling van boezemfibrilleren gericht op het verkrijgen en behouden 

van langdurig sinusritme nog lang niet optimaal is. Amiodaron, een klasse Ill 

antiarritmicum met additionele klasse I, II en IV eigenschappen, heeft laten zien het 

meest effectieve middel te zijn voor sinusritme behoud in patienten met persisterend 

boezemfibrilleren. Amiodaron behandeling gaat echter vaak samen met bijwerkingen, 

wat geassocieerd lijken te zijn met langdurige amiodaron therapie. Het doel van 

dit proefschrift is om te evalueren of alternatieve amiodaron behandelstrategieen 

de incidentie van bijwerkingen kunnen verlagen en tegelijkertijd veilig en effectief 

voor boezemfibrilleren kunnen zijn. Daarnaast heeft dit proefschrift amiodaron

geassocieerde bijwerkingen onderzocht, met name schilklierfunctiestoornissen, en 

het effect van amiodaron behandeling op kwaliteit van leven. Als laatste is de rol van 

Type D persoonlijkheid (een gezamelijk effect van negatieve affectiviteit en sociale 

inhibitie} op uitkomst van boezemfibrilleren behandeling onderzocht in amiodaron 

behandelde patienten. 

In de introductie van dit proefschrift, hoofdstuk 1, worden de twee belangrijke 

aspecten van amiodaron behandeling beschreven. Ten eerste is amiodaron het 

meest effectieve beschikbare antiarritmicum voor sinusritme behoud zonder dat het 

een toename van mortaliteit geeft en kan ook veilig warden toegepast in patienten, 

die een myocard infarct hebben doorgemaakt. De effectiviteit van langere termijn 

sinusritme behoud op amiodaron behandeling in patienten met boezemfibrilleren 

is ongeveer 60% na 2 jaar follow-up. Ten tweede is amiodaron behandeling helaas 

geassocieerd met substantiele bijwerkingen. De meest frequent voorkomende 

niet-cardiale bijwerking is schildklierfunctiestoornissen. Long toxiciteit is een 

andere klinisch belangrijke niet-cardiale bijwerking, omdat het fataal kan verlopen. 

De incidentie is echter wel laag. Cardiale bijwerkingen bestaan met name uit 

bradyaritmieen o.a. sinusbradycardie en atrioventriculaire geleidingsstoornissen. 

In tegenstelling tot andere klasse Ill antiarritmica komen torsades de pointes zeer 

zelden voor. 
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In hoofdstuk 2 hebben we een nieuwe kortdurende amiodaron behandelstrategie 

voor persisterend boezemfibrilleren onderzocht. Patienten met een symptomatisch 

recidief van persisterend boezemfibrilleren werden gerandomiseerd naar episodisch 

(kortdurend) amiodaron behandeling alleen gedurende 2 maanden random 

cardioversie of naar continu amiodaron behandeling (CONV ERT studie). Bijwerkingen 

zijn mogelijk geassocieerd met hoge amiodaron doseringen en langdurige 

behandeling. Daarnaast treden de meest recidieven van boezemfibrilleren op binnen 

een maand na electrische cardioversie. Onze hypothese was dat beperking van 

amiodaron blootstelling de incidentie van bijwerkingen zou kunnen verlagen terwijl 

er gestreefd werd naar het verkrijgen van adequate ritmestoornis onderdrukking, 

wel tenkoste van meer cardioversies. De CONV ERT studie liet echter zien dat het 

voorkomen van bijwerkingen, zowel amiodaron-gerelateerd als onderliggend 

hartziekte-gerelateerd, vergelijkbaar was in beide groepen. De meest voorkomende 

bijwerkingen waren schildklierfunctiestoornissen en de incidentie was, gedurende 

een follow-up van 2 jaar, vergelijkbaar tussen beide behandelgroepen. Daarnaast 

ondervonden patienten in de episodische groep meer onderliggende hartziekte

gerelateerde bijwerkingen zoals ziekenhuis opnames voor hartfalen, bloedings

en thrombo-embolische complicaties. Bovendien ondervonden patienten in 

de episodische groep meer cardiovasculaire ziekenhuis opnames inclusief voor 

electrische cardioversies. Wij concludeerden derhalve dat kortdurend episodische 

amiodaron behandeling de incidentie van bijwerkingen niet verlaagt en resulteert in 

minder effectieve ritmecontrole en dus niet aanbevolen kan warden. 

In hoofdstuk3onderzochtenweeen andere nieuweamiodaron behandelingsstrategie. 

We onderzochten of amiodaron therapie gestaakt kan warden na het bereiken van 

langdurig (> 6 maanden) sinusritme . De achterliggende gedachte bij deze studie 

was dat amiodaron-gerelateerde bijwerkingen vaak een langdurige profylactische 

behandeling in de weg staan en het mogelijk herstel van remodeling tijdens langdurig 

sinusritme recidieven van boezemfibrilleren misschien kan voorkomen. Patienten 

met sinusritme behoud gedurende tenminste 6 maanden tijdens amiodaron 

behandeling werden gerandomiseerd naar continueren of staken van amiodaron 

therapie. Onze studie liet echter zien dat een recidief van boezemfibrilleren vaker 

en vroeger voorkwam in de groep die amiodaron staakten in vergelijking met de 
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groep die amiodaron continueerden. Schildklierfunctiestoornissen kwamen het 

meest frequent voor als bijwerking. Deze bijwerking kwam niet alleen voor tijdens 

amiodaron behandeling, maar ook gedurende de eerste 12 maanden na het staken 

van amiodaron therapie. Onze resultaten laten zien dat amiodaron behandeling 

niet gestaakt kan warden in patienten met persisterend boezemfibrilleren met 

een substantieel substraat voor boezemfibrilleren, zoals dat het geval was in onze 

studie populatie. De overgrote meerderheid van onze patienten had onderliggende 

hypertensie (85%) en een lange mediane voorgeschiedenis van boezemfibrilleren 

(ongeveer 4 jaar). 

In hoofdstuk 4 probeerden we predictoren te vinden voor amiodaron-geassocieerde 

schildklierfunctiestoornissen en evalueerden we de behandel uitkomst in patienten 

tijdens langdurige amiodaron behandeling. Schildklierfunctiestoornissen kunnen 

een ernstig negatief effect hebben op de cardiale functie, wat kan leiden tot 

hartfalen en ritmestoornissen. In onze studie, die in Nederland werd uitgevoerd, 

kwam thyrotoxicose (te snel werkende schildklier) vaker voor dan hypothyreoidie 

(te langzaam werkende schildklier). Wij vonden alleen algemene predictoren 

geassocieerd met amiodaron-geassocieerde schildklierfunctiestoornissen en geen 

geslachtsverschil. De uitkomst van de behandeling van amiodaron-geassocieerde 

thyrotoxicose werd niet beinvloed door het doorgebruiken van amiodaron. 

Ondanks dat we geen klinisch relevante predictoren voor amiodaron-geassocieerde 

schildklierfunctiestoornissen konden identificeren hebben we wel laten zien dat 

continueren van amiodaron geen negatieve invloed op de behandeling hoeft te 

hebben . 

In hoofdstuk 5 hebben we predictoren ondezocht voor langdurig sinusritme behoud 

in de CONV ERT studie. Lage CHADS2 score en continue amiodaron behandeling 

waren geassocieerd met langdurig sinusritme behoud. De CHADS2 score bestaat uit 

5 variabelen (hartfalen, hypertensie, leeftijd > 75 jaar, diabetes mellitus en eerder 

herseninfarct) en wordt gebruikt om het risico op thromboembolische complicaties 

in patienten met boezemfibrilleren te bepalen. Elke variabele krijgt 1 punt behalve 

een eerder herseninfarct dat 2 punten krijgt toegewezen. Een hogere score betekent 

een hoger risico op thromboembolische complicaties. Sommige parameters in de 

CHADS2 score zijn geasscoieerd met landurig sinusritme behoud. De lage CHADS2 
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score is derhalve een mogelijke weerspiegeling van minder ver gevorderd atriale 

remodeling, wat resulteert in meer succesvolle ritmecontrole. 

In hoofdstuk 6 onderzochten we de rol van psychologische factoren op ritmecontrole 

uitkomst in de CONV ERT studie. Type D persoonlijkheid is geassocieerd met een 

slechtere uitkomst in patienten met coronairlijden. In onze studie hadden 35 van 207 

patienten (17%) een Type D persoonlijkheid. Wij hebben laten zien, dat patienten 

met Type D persoonlijkheid die behandeld werden met continu amiodaron meer 

boezemfibrilleren recidieven hadden en meer electrische cardioversies ondergingen 

om sinusritme te verkrijgen. Dit leidde echter niet tot een verbetering in kwaliteit van 

!even. Gedurende follow-up hadden ze lagere (desethyl)amiodaron serum spiegels, 

wat een uiting kan zijn van verminderde therapietrouw. Be'invloeding van deze 

psychologische factor zou kunnen leiden tot een betere uitkomst van ritmecontrole 

therapie en rechtvaardigt verder onderzoek. 

In hoofdstuk 7 werd kwaliteit van leven bestudeerd in de CONV ERT studie. We 

hebben laten zien, dat kwaliteit van !even vergelijkbaar was in beide groepen. 

Behoud van sinusritme gedurende de follow-up resulteerde in verbetering van 

kwalitieit van !even in de episodisch behandelde groep. Dit werd niet geobserveerd 

in de continu behandelde groep. Verbetering in kwaliteit van !even in de continu 

behandelde group werd gezien ongeacht het ritme. Dit kan deels komen door de 

frequentie verlagende eigenschap van amiodaron, wat mogelijk geresulteerd heeft 

in asymtpomatische boezemfibrilleren recidieven. Kwaliteit van leven kan daarnaast 

oak negatief beinvloed zijn door de noodzaak van dagelijks amiodaron gebruik in de 

continu behandelde groep. Onze data suggereren derhalve dat kwaliteit van leven 

het meest verbeterd wordt door het bereiken van successvol ritmecontrole zonder 

antiarritmicum gebruik. 

In de discussie van dit proefschrift, hoofdstuk 8, warden de resultaten van 

onze studies vergeleken met de wetenschappelijke literatuur. Tevens warden 

toekomstontwikkelingen in de behandeling van boezemfibrilleren zoals het nieuwe 

antiarritmicum dronedaron besproken. Amiodaron zal zijn rol in patienten met 

ernstig hartfalen handhaven. In de meerderheid van de patienten zal amiodaron 

echter in de toekomst mogelijk vervangen gaan warden door dronedaron, niet

pharmacologische therapie, andere nieuwe antiarritmica, of zal als alternatief 

boezemfibrilleren geaccepteerd warden. 
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Een promovendus legt een promotietraject nooit alleen af, maar wordt altijd met 

raad en daad bijgestaan door een groat aantal mensen. Om te voorkomen dat het 

dankwoord van dit proefschrift dikker wordt dan de wetenschappelijke inhoud en 

zonder iemand te kart te willen doen wil ik iedereen die heeft bijgedragen tot het 

tot stand komen van dit proefschrift hartelijk bedanken en een aantal mensen in het 

bijzonder. 

Allereerst mijn eerste promoter, Prof. dr. I. C. van Gelder : Beste Isabelle, als promoter 

kon je bij tijd en wijlen streng zijn, maar jouw gedrevenheid en enorme kennis van 

boezemfibrilleren hebben ervoor gezorgd dat we studies zoals de CONV ERT en 

de RACE II hebben kunnen verrichten met als beloning mooie publicaties en dit 

proefschrift. lk wil je bedanken voor je steun en aanmoedigende woorden met name 

in dit laatste jaar. De afronding van mijn promotie heb ik moeten combineren met 

mijn interne vooropleiding in Leeuwarden, wat niet altijd gemakkelijk was, maar 

je niet aflatende enthousiasme en goede adviezen hebben tot dit mooie resultaat 

geleid. lk kijk ernaar uit onze goede samenwerking voort te zetten tijdens mijn 

verdere opleiding. 

Mijn tweede promoter Prof., dr. D. J. van Veldhuisen: Beste Dirk Jan, jij had een minder 

directe rol tijdens mijn promotie onderzoek, maar je wist echter als geen ander tot 

de kern van een artikel of abstract te komen. De promotiebesprekingen waren mede 

dankzij jou oak altijd momenten van levendige discussies. lk wil je bedanken voor je 

enthousiasme voor het onderzoek en de cardiologie. 

Mijn derde promoter Prof., dr. T. P. Links: Beste Thera, we hebben elkaar in het begin 

minder vaak gesproken, maar we hebben dat later ruimschoots goed gemaakt. 

Tijdens onze gesprekken over het bijwerkingen artikel heb je me laten zien dat er 

oak buiten de 'cardiologische' lijntjes gekleurd kan warden. lk wil je bedanken voor 

de fijne samenwerking en je interesse niet alleen in het onderzoek maar oak in de 

mens achter de promovendus. 
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De leden van de beoordelingscommissie Prof. dr. W. M. Wiersinga, Prof. dr. A. A. 

M. Wilde en Prof. dr W. H. van Gilst wil ik bedanken voor het kritisch lezen van dit 

proefschrift. 

Prof. dr. M. P. van den Berg, beste Maarten, ik wil je bedanken voor het in mij 

gestelde vertrouwen en de mogelijkheid om de opleiding tot cardioloog te volgen. 

Dr. C. Halma wil ik bedanken voor de mogelijkheid om mijn interne vooropleiding in 

het Medisch Centrum Leeuwarden te voltooien. 

De vele ritme en antistollings studies zouden niet mogelijk zijn geweest zonder de 

belangrijke ondersteuning van cardio research. Beste Anja, Zaza, Trienke, Margriet, 

Greetje en Carlien bedankt voor al jullie hulp bij de vele studies. Het duo Han en 

Hans en de verpleging op Cl Va wil ik bedanken voor de ondersteuning bij de vele 

cardioversies die wij gezamenlijk hebben verricht. Het wachten op de anaesthesist 

werd zo een stuk gezelliger. 

De dames van cluster A op de poli, Antoinette, Agnes, Didi, en Hayat, wil ik bedanken 

voor al hun hulp en gezelligheid op de poli. 

Beste Alma en Audrey, een afspraak op de vierde etage was nooit compleet zonder 

een gezellige babbel met jullie. Ondanks jullie drukke werkzaamheden waren jullie 

altijd bereid om zaken voor mij te regelen. Alma, bedankt dat ik je zelfs nog vanuit 

Leeuwarden heb mogen lastig vallen als er weer eens iets geregeld moest warden 

voor mijn proefschrift. 

lk heb nooit spijt gehad van mijn beslissing om naar Groningen te komen en dat is 

te danken aan alle collega's. lk was misschien niet direct wat jullie verwacht hadden, 

maar werd al direct betrokken bij alle discussies, cola rondjes en barrels. Hierbij wil 

ik een aantal collega's in het bijzonder noemen. Beste Sandra, Marcelle, Hessel en 

Bart, zowel in het Poortgebouw als later in het Triadegebouw zaten we met z'n allen 

op de ritmekamer. Ondanks de drukte, soms gepaard gaand met wisselend humeur 

van een ieder, heb ik altijd met heel veel plezier met mijn jullie samengewerkt. 
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Beste Kevin, naast een gezellige en behulpzame collega, zowel in de Greenhouse als 

in de kliniek, blijk je ook een goed carpool maatje te zijn. Stoom afblazen in de auto 

terug naar Groningen, met snoep, was altijd een gezellige afsluiter van de werkdag. 

En de rest natuurlijk niet te vergeten: Michie !, Jasper, Daan, Anne, Pieter, Willem 

Peter, Lucas, Walter, Wim, Tone, Christiane, Jessica, Johan, Mathijs, Rik, Liza, Jardi, 

Lieuwe, Youlan, Ali, Marthe, Pieter Jan, Mirjam en Marieke . lk wil jullie allemaal 

ontzettend bedanken voor de gezellige tijd en kijk ernaar uit om weer collega's te 

warden in de kliniek. 

Natuurlijk wil ik ook mijn paranimfen bedanken. 

Beste Suzan, sinds de eerste ontmoeting met jou hadden we met zijn allen door 

dat onze onderzoeksgroep weer een persoonlijkheid rijker was. Een Steenwijkse, 

maar wel een met een zachte g. Je deur stand altijd open voor een praatje, rustige 

werkplek of cola rondje. Je hebt mij met je overredingskracht ook weer de tennisbaan 

opgekregen. lk heb dan ook met veel plezier met jou een balletje geslagen en genoten 

van onze etentjes en barrels. lk hoop dat er nog velen mogen volgen. 

Beste Jan Pieter, ondanks dat je niet een voltijds onderzoeker was, was je al gauw 

een vast onderdeel van de ritmekamer. Aan je humor heb ik in het begin moeten 

wennen, maar al gauw had den we de grootste lol op vrijdag, je onderzoeksdag. lk kijk 

met veel plezier terug op onze Greenhouse uitjes. Gelukkig hebben we de traditie 

van barrels en etentjes voort kunnen zetten in onze opleidingstijd, en ik hoop nog 

lang te kunnen genieten van je kookkunsten. lk ben blij dat je mijn paranimf wilt zijn. 

lk wil mijn vrienden bedanken voor hun steun en geduld. Lieve Jenny, bedankt 

voor je luisterend oor. Lieve Hanneke, Geertje, Saidja, Ebtisam en Nancy ondanks 

dat we allemaal een andere weg zijn ingeslagen ben ik blij dat we nog steeds met 

enthousiasme onze bio '95 uitjes plannen. Als laatste wil ik mijn familie bedanken 

zonder wie dit alles niet mogelijk was geweest. Lieve mam en pap, ik wil jullie 

bedanken voor jullie liefde en steun. Jullie positiviteit en enthousiasme voor het 

leven zijn voor ons altijd een stimulans geweest om het beste uit onszelf te halen. 

Dankzij jullie kan ik vandaag mijn proefschrift verdedigen en ben ik in opleiding tot 

cardioloog. 
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Mijn broer, Kamal, wil ik bedanken voor zijn steun, advies en gezelligheid. Lieve Kamal, 

ik vond het vroeger heel vervelend als jij mij je zusje noemde, maar ik ben heel trots 

dat jij mijn grate broer bent. Jij was mijn grate voorbeeld toen je werktuigbouwkunde 

ging studeren in Delft. lk ben dan geen ingenieur geworden, maar je hebt me altijd 

gesteund en aangemoedigd tijdens mijn studie en promotie. lk hoop nag vele jaren 

te kunnen genieten van je gezelligheid en kookexperimenten. 
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