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Abstract The RACE trial was one of the first landmark trials to establish whether restoring and maintaining sinus rhythm
could reduce morbidity and mortality in patients with atrial fibrillation (AF). Its neutral outcome shaped clinical de-
cision-making for almost 20 years. However, there were two important treatment-related factors associated with
mortality of rhythm control therapy at that time: One was safety of antiarrhythmic drug therapy, and the other
one withdrawal of anticoagulation after restoration of sinus rhythm. Both concerns have been overcome, and,
moreover, important knowledge considering the importance of time for the treatment of AF has been gained.
These insights led to the concept of the EAST-AFNET 4 trial, and after more than two decades in the pursuit of
ongoing therapeutic improvement, early rhythm control therapy has demonstrated to reduce a composite of car-
diovascular death, stroke, and hospitalization for worsening of HF or acute coronary syndrome, by 21% (first pri-
mary outcome, absolute reduction 1.1 per 100 patient-years). For this entire period, Harry Crijns characterized
the treatment of AF patients, and contributed decisively to realizing the benefit of rhythm control therapy. It is al-
most easier to list the clinical trials without Harry’s involvement than to list those which he co-designed and led.
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Atrial fibrillation (AF) is the most common arrhythmia and a ma-
jor cause of stroke, heart failure (HF), cardiovascular morbidity,
and sudden death.1 An enhanced understanding of the pathophysi-
ology and the mechanisms causing AF and the improved identifica-
tion of patients being at high risk for stroke and death helped
considerably to assure proper and individualized treatment.
Screening for AF in patients being at risk is continuously evolving,
in particular, the raised awareness among patients with silent AF,
stimulated demand for systematic screening programs. Oral anti-
coagulation (OAC) therapy constitutes the most important prog-
nostic benefit in AF patients at risk of stroke.1 Non-vitamin K
antagonist oral anticoagulants (NOACs) are a significant progress

with half the risk of intracranial bleeding and reduced mortality by
�10% compared with vitamin K antagonist.2 Management of AF
further involves optimal therapy of comorbidities and cardiovascu-
lar risk factors. In patients with AF and HF, advanced HF therapy
is crucial and supports maintenance of sinus rhythm (SR) indepen-
dently.3 However, despite this considerable progress in stroke
prevention and optimized therapy of underlying conditions, stroke,
cardiovascular death, and unplanned hospitalizations for HF or
acute coronary syndrome occur at a high rate (ca. 5%/year).4,5

The concept that restoring and maintaining SR could help to re-
duce this remaining morbidity and mortality has been around for
a long time.
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Seven landmark trials directly compared rhythm vs. rate control in
a randomized fashion, and their results, published �20 years ago,
shaped the use of rhythm control therapy in patients with atrial fibril-
lation until 2020.1 All studies were driven by the question of the prog-
nostic impact of maintaining stable SR in AF patients as compared
with pure rate control. The RAte Control vs. Electrical conversion
(RACE) trial included 522 patients with persistent AF who were
randomly assigned for rate control (pursued by rate-slowing
medication) or rhythm control (pursued by serial cardioversions and
antiarrhythmic drugs).6 After a follow-up of >2 years, rate control
was non-inferior to rhythm control for the prevention of death and
reduction of morbidity. Importantly, the risk of thromboembolic
events remained high, even if SR was maintained. Interestingly,
substudies of the RACE trial indicated that restoration and mainte-
nance of SR was associated with smaller atrial size, potentially
improved atrial function, and better quality of life.7,8 In accordance
with the main results of the RACE trial, the Strategies of Treatment
of Atrial Fibrillation (STAF) trial, the How to Treat Chronic Atrial
Fibrillation (HOT-CAFE) trial, and the Atrial Fibrillation Follow-up
of Rhythm Management (AFFIRM) trial did not show a significant
difference of both treatment strategies considering the occurrence of
the primary endpoint mainly defined as a composite of death and
thromboembolic complications.6,9–11 With a total of 4060 random-
ized patients, the AFFIRM trial was the largest of these studies, and
although the results of the primary endpoint were equivalent
for both treatment arms,9 a post hoc analysis suggested an improved
survival in patients with successful maintenance of SR.10 The
Pharmacological Intervention in Atrial Fibrillation (PIAF) trial did not
demonstrate improvement of AF-related symptoms by rhythm con-
trol therapy by use of amiodarone, but exercise capacity was signifi-
cantly better with rhythm control.11 Later, the Atrial Fibrillation and
Congestive Heart Failure (AF-CHF) trial investigated the impact of
rate control vs. rhythm control using amiodarone in AF patients with
HF and reduced ejection fraction.12 The concept of the study was to
determine whether restoration and maintenance of SR reduces mor-
tality in this patient cohort. Once again, the rhythm control therapy
failed to improve outcomes and, moreover, rate control eliminated
the need for repeated cardioversion and reduced rates of hospitaliza-
tion. One notable exception was the positive outcomes of
the Japanese Rhythm Management Trial for Atrial Fibrillation
(J-RHYTHM) trial in favour of rhythm control for paroxysmal AF.13

The predominant neutral primary outcomes of these studies trig-
gered much rethinking, having regard also to the contradictory
results of two subsequent population-based observational studies
indicating a beneficial performance of rhythm control.14,15 One con-
cern was the safety of rhythm control therapy using antiarrhythmic
drugs: All antiarrhythmic drugs available for rhythm control therapy
at that time were initially developed for the treatment of ventricular
arrhythmias, and their efficacy and safety, including effective doses for
AF, was only later tested in patients with AF.16,17 The safety of antiar-
rhythmic drug therapy was partially addressed in the AF-CHF trial,
where only one agent that is considered safe in patients with AF
and HF, amiodarone, was used in patients with AF and HF.12,17

Another important aspect was the practice to discontinue OAC after
apparently successful restoration of SR in patients with AF and at
high stroke risk, which was the accepted practice at the time, but
now known to increase the risk of stroke compared with continued

OAC.18 Use of antiarrhythmic drugs and withdrawal of anticoagula-
tion (except for the PIAF trial) were the two treatment-related
factors associated with mortality in these early studies.18

Other ideas were tested to improve the safety of antiarrhythmic
drug therapy, e.g. episodic therapy with antiarrhythmic drugs as pill-
in-the-pocket19 or short-term therapy.20,21 While these short-term
therapy concepts have the potential to increase the safety of antiar-
rhythmic drug therapy, the community also learned to use these
substances safely as illustrated by the low incidence of pro-
arrhythmia in more recent clinical trials.22,23 The ATHENA trial,
although it needs to be viewed in conjunction with the PALLAS and
ANDROMEDA studies showing harm when dronedarone was used
in patients with permanent, accepted AF,24,25 demonstrated that
treatment with antiarrhythmic drugs (dronedarone) could improve a
composite outcome of cardiovascular hospitalization or death, as
well as stroke and first occurrence of an acute coronary syndrome in
an exploratory subanalysis, in patients with AF.26,27 But the limited
efficacy in maintaining SR remained a limitation of antiarrhythmic
drug therapy for patients with AF, especially in patients with recur-
rent AF on an antiarrhythmic drug. The ion-blocking antiarrhythmic
effects were too similar between agents to offer real choice.

The availability of AF ablation,28,29 which became a routine and
reasonably safe procedure�10 years after the seminal description of
AF triggers in the pulmonary veins,30 improved this situation by
providing an additional powerful22,23 and synergistic31,32 tool for
effective rhythm control therapy in patients with AF. In MANTRA-
PAF (Radiofrequency ablation as initial therapy in paroxysmal atrial
fibrillation), the first study comparing AF ablation with antiarrhythmic
drugs in patients without prior rhythm control therapy, safety was
comparable and there was only a slightly better effectiveness of AF
ablation.22 Multiple other studies, usually enrolling patients with
established and often failed antiarrhythmic drug therapy, demon-
strated that AF ablation maintains SR better than antiarrhythmic drug
therapy.28,29,33–35 Therefore, it was hypothesized that catheter abla-
tion might also have beneficial impact on prognostic endpoints such
as mortality but also on reduction of stroke risk. As one of the first
the Swedish ablation registry demonstrated a significantly reduced in-
cidence of ischaemic stroke as well as mortality in 2496 patients after
catheter ablation of AF as compared with the same number of
patients without catheter ablation.36. In the Ablation vs. Amiodarone
for Treatment of Persistent Atrial Fibrillation in Patients With
Congestive Heart Failure and an Implanted Device (ATAAC) study,
patients with AF and HF had a lower rate of AF recurrence after cath-
eter ablation as compared with amiodarone treatment.37 Although
not being adequately powered, the study suggested a lower mortality
in patients receiving catheter ablation. Another study enrolling
patients with AF and HF with reduced ejection fraction was the
Catheter Ablation for Atrial Fibrillation with Heart Failure (CASTLE-
AF) study.38 The study randomized patients to catheter ablation or
antiarrhythmic medication. First, it underlined once again the suprem-
acy of ablation over medication concerning maintenance of SR. But it
also found a significant benefit in the composite Endpoint of death
from any cause or hospitalization for worsening HF in the ablation
group. Based on those hypothesis-generating pilot data, results of the
Effect of Catheter Ablation vs. Antiarrhythmic Drug Therapy on
Mortality, Stroke, Bleeding, and Cardiac Arrest Among Patients With
Atrial Fibrillation (CABANA) study, with more than 2200 patients
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enrolled so far the largest randomized AF study,23 were associated
with high hopes. While the study underlined again the superiority of
catheter ablation over antiarrhythmic drug therapy regarding the
arrhythmia-free survival, there was no difference in the composite
endpoint of death, disabling stroke, serious bleeding, or cardiac arrest
between patients randomized to AF ablation and those randomized
to antiarrhythmic drugs. Noteworthy, complication rates of antiar-
rhythmic therapy compared with catheter ablation for the treatment
of AF did not differ in all of these studies. An excerpt from major
studies of rate and rhythm control therapy for the treatment of atrial
fibrillation is given in Table 1.

Harry Crijns as a driver of clinical
research to improve rhythm
control therapy

It has long been known that AF causes severe and longer-lasting atrial
damage (‘AF begets AF’), as one of the first, seminal papers was enti-
tled.39 Taken seriously, this implies that an early initiation of rhythm
control therapy should make restoration and maintenance of SR
more effective. Indeed, approximately two-third of patients enrolled
into ATHENA had their AF first diagnosed <12 months prior to en-
rolment, and almost three quarters were in SR at enrolment,26 while
most patients enrolled into RACE were in AF at enrolment, and
many had a long history of AF. The importance of chasing rhythm
control at an early stage of the disease was further supported by pre-
vious experiences with serial electrical cardioversion, intra-atrial defi-
brillation therapy, and, more recently, by favourable outcomes of
early ablation of AF compared with delays in treatment.40–42

Interestingly, the risk of AF-related complications, including death, is
highest in the first year after the diagnosis of AF, and in a propensity-
matched community sample, rhythm control by use of catheter abla-
tion was associated with a reduced risk of stroke.43 Therefore, as
Harry Crijns put it, the time after the initial diagnosis of AF provides a
window of opportunity to initiate rhythm control therapy.44,45

These considerations led to the design of the early treatment of
AF for stroke prevention (EAST—AFNET 4) trial. Harry was one of
the co-ordinating investigators involved from the start of the trial.46

The trial combined several of the concepts that were developed after
the disappointing results of the earlier rate vs. rhythm trials. These
include

(1) enrolment of patients with early AF, diagnosed less than a year prior
to enrolment,

(2) mandated continuation of anticoagulation and treatment of the car-
diovascular conditions throughout the trial in all patients,

(3) providing guidance on the safe use and delivery of rhythm control
therapy, and

(4) using both antiarrhythmic drugs, AF ablation, and their combination
to achieve rhythm control.

The results speak for themselves: Early rhythm control therapy
reduced a composite of cardiovascular death, stroke, and hospitali-
zation for worsening of HF or acute coronary syndrome, by 21%
(first primary outcome, absolute reduction 1.1 per 100 patient-
years). Two hundred and forty-nine patients randomized to early
rhythm control experienced an outcome event (3.9% per patient-

year), compared with 316 patients randomized to usual care (5%
per patient-year). Each component of the first primary outcome was
numerically lower in the patients randomized to early rhythm con-
trol. The result was consistent across 19 predefined subgroups over
a median follow-up time of 5.1 years. While early rhythm control
therapy was associated with more adverse events related to rhythm
control therapy, these events were rare (4.9% over the entire FU
time) and the overall safety, estimated as a composite of death,
stroke, or serious adverse events related to rhythm control therapy,
was not different between groups (223 and 231 patients with
events). Of note, the beneficial effects of early rhythm-control ther-
apy were achieved without increasing the nights spent in hospital
(2nd primary outcome parameter).

Thus, over almost three decades, Harry Crijns contributed to real-
izing the conceptual benefit of rhythm control therapy in patients
with AF. It is almost easier to list the clinical trials without Harry’s in-
volvement than to list those which he co-designed and led.
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