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Abstract

In practice, atrial fibrillation (AF) is typically managed by control-
ling ventricular rate given similar long-term outcomes and a more 
tolerable drug profile when compared to rhythm control. However, 
despite treatment via rate control, patients remain at increased risk 
for cardiovascular complications. This systematic review provides a 
summary of literature evaluating the effectiveness of early rhythm 
control (ERC, initiated within 2 years of diagnosis) in AF in reduc-
ing cardiovascular complications. A systematic review utilizing the 
MEDLINE, EMBASE, and the Cochrane Database of Systematic Re-
views was performed to identify literature evaluating effectiveness of 
rhythm control strategies and cardiovascular complication reduction 
rates in ERC. A total of three literature articles meeting the inclu-
sion and exclusion criteria were included for evaluating the benefit 
of ERC. One of these examined was a trial that directly compared 
antiarrhythmic drug (AAD) versus catheter ablation (CA) therapy in 
maintenance of sinus rhythm (SR). This systematic review shows that 
ERC is associated with a reduction of cardiovascular events in AF 
patients compared to other treatment strategies.
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Introduction

Atrial fibrillation (AF) is the most common cardiac arrhyth-
mia [1-5]. With increasing life expectancy, the incidence and 
prevalence of AF continue to rise with an estimated worldwide 
prevalence of 46.3 million. In the USA alone, the number of 
patients diagnosed with AF is expected to increase three-fold 

by 2050, placing major importance in further optimizing AF 
management to reduce incidence of AF-related cardiovascu-
lar complications [2, 3]. There are four pillars of AF manage-
ment: risk factor reduction, stroke risk reduction, rate control, 
and rhythm control. Per current guidelines, rate control, which 
involves regulating the ventricular rate to maintain hemo-
dynamic stability but allowing the arrhythmia to persist, re-
mains the first-line treatment for AF. Rhythm control, which 
involves antiarrhythmic drugs (AADs), cardioversion (chemi-
cal or electrical), or ablation to maintain sinus rhythm (SR), is 
considered to be a second-line treatment for AF. When rhythm 
control is chosen, catheter ablation (CA) for AF is considered 
as a second-line treatment after failure of at least one AAD or 
intolerance [5-7]. Regardless of which approach is pursued, 
both require risk factors and stroke risk reduction evaluation. 
Despite guideline-based management of AF, patients remain 
at risk of developing cardiovascular complications such as 
stroke, heart failure, and acute coronary syndrome with a car-
diovascular death rate of approximately 5% per year [2, 3]. 
Recent studies have challenged the current guidelines regard-
ing the standard of care in AF management and have shown 
an association between maintenance of SR and improved car-
diovascular outcomes in AF compared to standard therapy [5-
12]. This may be partly due to the preservation of left atrial 
structure and function, thereby reducing risk of cardiovascu-
lar complications associated with AF [5, 11]. Here we review 
the literature evaluating the benefits of early rhythm control 
(ERC) in AF, which involves the initiation of rhythm control 
treatment within 2 years of diagnosis of AF, and analyze the 
effectiveness and safety of different rhythm control strategies.

Methods

This systematic review was conducted according to the Pre-
ferred Reporting Items for Systematic Review and Meta-Anal-
ysis (PRISMA) statement 2020 [13]. MEDLINE, EMBASE, 
and the Cochrane Database of Systematic Reviews from 2017 
to 2021 were searched for literature discussing ERC and 
rhythm management strategies. Keywords included “early 
rhythm control in atrial fibrillation” and “early diagnosis.” For 
the purpose of assessing the benefits of ERC, all patients with 
AF at high risk for cardiovascular complications (CHA2DS-
2VASc score of ≥ 2) who were managed with rhythm control 
within 2 years of diagnosis and were followed for at least 1 
year were included. Studies excluded in the ERC comparison 
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were those that initiated rhythm control after 2 years and/or 
provided short-term follow-up. Duplicate studies were exclud-
ed as well. In the comparison of rhythm control strategies, a 
major clinical trial was reviewed.

Results

The results obtained from the literature search and study selec-
tion process are outlined in the PRISMA flow chart diagram 
(Fig. 1). A total of 13 non-duplicate articles were retrieved. 

After applying the outlined inclusion and exclusion criteria, 
a total of three articles were included in this systematic re-
view. Of the three articles included, two were randomized con-
trolled trials (RCTs), and one was an observational study. The 
three studies evaluated the difference between rate control and 
rhythm control in patients diagnosed with AF within 2 years 
as well as comparison between AAD and CA. The first rand-
omized control trial evaluated was the EAST-AFNET 4 trial. 
This was a European multicenter study of 2,789 patients with 
AF diagnosed in the last 1 year, which showed a statistically 
significant lower rate of the primary outcome examined (cardi-

Figure 1. PRISMA flow diagram of study selection process. PRISMA: Preferred Reporting Items for Systematic Review and 
Meta-Analysis.
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ovascular death, stroke, etc.) in patients treated with ERC [8]. 
The second RCT reviewed was the EARLY-AF trial, which 
was a Canadian multicenter study of 303 patients with AF di-
agnosed with in the last 2 years. Results of this study showed 
that those receiving CA had a lower rate of AF recurrence and 
burden compared to those receiving AAD as measured by an 
implantable cardiac monitor at 12-month follow-up [6]. The 
observational study included in this systematic review was a 
cohort study from South Korea involving 22,635 patients [10]. 
They found that among those with newly diagnosed AF (< 1 
year), those receiving rhythm control had a statistically sig-
nificant lower rate of primary outcome (cardiovascular death, 
stroke, etc.). However, in those with AF greater than 1 year 
prior to initiation of therapy, no significant difference was seen 
in the rate versus rhythm control groups in terms of primary 
outcome.

Discussion

AF is the most common cardiac arrhythmia, and its prevalence 
increases with age. Risk factors include age, hypertension, 
obesity, heart failure, ischemic heart disease, smoking, and 
alcohol use [14]. For the past 20 years, the guidelines for the 
management of AF have been shaped by studies such as AF-
FIRM, which showed no significant difference between rate 
control and rhythm control when comparing rates of cardio-
vascular complications [1]. The RACE trial was another land-
mark study in which rate control was compared to a rhythm 
control strategy in patients with persistent AF who had under-
gone a prior cardioversion [15]. Results showed similar pri-
mary outcome (cardiovascular death, heart failure, bleeding, 
thromboembolic events, and adverse reaction to AAD) inci-
dence in the rate and rhythm control groups. Therefore, rate 
control has been the standard of care in the setting of stable 
and asymptomatic AF given unchanged long-term outcomes, 
benign drug profile, cost-effectiveness, and reduced compli-
cation rates from multiple failed cardioversion procedures. 
However, several limitations must be noted from these con-
vention setting trials. In both the AFFIRM and RACE trials, 
the mean ages in the studies were greater than 65 years, which 
raises questions on the external validity of these findings to a 
younger population. In addition, a follow-up analysis to the 
AFFIRM study showed that the presence of SR was associated 
with a risk reduction in terms of death; however, the use of 
AAD to maintain SR was associated with increased adverse 
events. This posited the idea that if one is able to maintain SR 
without the use of AAD, this may lead to improved outcomes 
and decreased cardiovascular deaths in comparison to the pre-
vailing rate control strategy. Since these practice-setting trials, 
CA for AF has become increasingly utilized. The 2017 expert 
consensus statement on ablation recognized that CA was a rea-
sonable first-line option for rhythm control in symptomatic AF 
but was generally recommended after treatment failure with an 
AAD [16]. A meta-analysis studying the quality of life (QOL), 
morbidity, and mortality of CA versus AAD in symptomatic 
AF showed decreased symptoms and improved QOL but no 
difference in morbidity and mortality in those receiving CA 

compared to those being treated with AAD [17]. More recent-
ly however, the CASTLE-AF trial showed that in those with 
heart failure with reduced ejection fraction (HFrEF), the CA 
group had a statistically significant reduction in mortality, AF 
burden, and increased QOL compared to the drug (rhythm or 
rate control) group [18].

AF is thought to progress through short paroxysms and 
can eventually become persistent or permanent. A Canadian 
registry study of 755 patients showed that greater than 50% 
of patients diagnosed with paroxysmal AF will progress to 
persistent AF or be deceased at 10-year follow-up [19]. Ob-
servational studies have shown that enlargement and remod-
eling of the left atrium (LA) is associated with progression of 
AF. On the microscopic level, changes in ion channels lead 
to impaired electrical pathways in the atria ultimately leading 
to fibrosis and scarring. This subsequently leads to left atrial 
dilation, likely further propagating and forming a substrate for 
foci of aberrant atrial activity [20]. In fact, recent analysis has 
shown that even in patients with the same CHA2DS2-VASc 
score, those with persistent or permanent AF are at a higher 
risk for stroke than those in paroxysmal AF [21]. These find-
ings may indicate why prior studies like AFFIRM and RACE 
did not show a statistically significant difference in cardiovas-
cular outcomes between rhythm and rate control. These stud-
ies included patients who had been in persistent AF and thus 
already had significant remodeling of their left atrial structure 
and electrical system. In contrast, EAST-AFNET 4 selected 
patients with new-onset AF (< 1 year from time of diagnosis of 
AF) and showed that those in the ERC group had lower rates 
of stroke and cardiovascular mortality compared to those in the 
usual care group. One hypothesis that can explain these find-
ings is that the LA in those receiving ERC had not undergone 
the same degree of negative remodeling as compared to those 
in the usual care group. One important caveat, however, is that 
anticoagulation was continued in those on ERC in the EAST-
AFNET 4 trial, but in the AFFIRM trial, anticoagulation was 
able to be discontinued after 4 weeks of maintaining SR. Al-
though the AFFIRM trial did not show a statistically signifi-
cant difference between the rhythm and rate control groups 
in terms of stroke, the incidence of stroke was higher in the 
rhythm control group (7.1%) versus rate control group (5.5%). 
This may be explained by the lower rates of anticoagulation in 
the rhythm control (70%) versus rate control group (85%) [1].

Given paucity in the literature evaluating cardiovascular 
complications in relation to ERC, an observational study was 
included in the analysis in conjunction with two RCTs. The 
observational cohort study by Kim et al showed that there was 
a statistically significant decreased rate of adverse cardiovas-
cular outcomes in the rhythm control versus rate control group 
in those with new-onset AF (< 1 year from time of diagnosis of 
AF) [10]. In those with AF for more than 1 year, no significant 
difference was found in terms of adverse cardiovascular out-
comes when comparing rhythm and rate control groups. These 
findings of lower adverse cardiovascular outcomes in ERC 
versus rate control parallel the results of the EAST-AFNET 
4 study.

With the emergence of CA as an increasingly used tool for 
symptomatic AF, trials have shown improvement in mortality 
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and QOL in those with HFrEF [18]. These findings were not 
seen in the larger general population in the CABANA trial, 
which showed that those receiving CA did not have a statisti-
cally significant mortality benefit or reduction in cardiovascu-
lar events as compared to those receiving AAD [22]. However, 
one factor that may partially explain the findings of this study 
is that a high number of patients crossed over into the CA arm 
from the drug treatment arm, which can confound the inten-
tion-to-treat analysis.

Building off the findings of EAST-AFNET 4, EARLY-AF 
showed that early CA with cryotherapy was superior to AAD 
in terms of preventing recurrence of atrial tachycardias in pa-
tients who were diagnosed with AF within the last 24 months 
[6]. As discussed earlier, AF is a progressive disease. The find-
ings in EARLY-AF and EAST-AFNET 4 seem to indicate that 
intervention early in the disease course can lead to improved 
cardiovascular outcomes by halting pathologic and deleterious 
remodeling of the LA. In addition, the ATTEST trial, which 
showed that radiofrequency CA was superior to AAD in de-
laying the progression of paroxysmal AF to persistent AF at 
3-year follow-up, gives further credence to the emerging role 
of CA [23]. It is important to note, however, that EARLY-AF 
study did not have the power to deduce if early CA would lead 
to decreased cardiovascular mortality as compared to AAD. 
However, it can be postulated given the findings of decreased 
AF burden with early CA and the aforementioned discussions. 
The STOP-AF trial, similar to the EARLY-AF trial, showed 
that cryotherapy was superior to AAD at preventing AF recur-
rence. This trial, however, importantly showed that cryoabla-
tion as a first-line treatment for AF was similar in safety profile 
to AAD [7].

In the EARLY-AF trial, the only modality of CA used was 
cryotherapy, thus limiting extrapolation of the results to other 
methods of CA. In the earlier FIRE AND ICE trial, the two 
most common methods of CA were compared against each 
other for AF in those who failed AAD therapy: radiofrequency 
ablation and cryoablation [24]. Results at follow-up showed 
that cryoablation was non-inferior to radiofrequency ablation 
in terms of efficacy at preventing AF recurrence with no statis-
tically significant difference between the two groups in terms 
of complications or adverse events. These results are further 
seen in the CIRCA-DOSE trial, which showed no significant 
difference between cryoablation and radiofrequency ablation 
in terms of efficacy at 1 year as measured by AF recurrence 
[25]. In summary, the aforementioned trials challenge the cur-
rent standard of care as established by the AFFIRM trial. ERC 
by CA is crucial to delay the progression of paroxysmal AF 
to persistent AF, thereby leading to decreased rates of adverse 
cardiovascular outcomes as compared to rate control.

Conclusions

This systematic review shows that an ERC strategy leads to 
decreased cardiovascular events when compared to rate con-
trol. In addition, CA may be considered as a first-line strategy 
for rhythm control; however, large randomized clinical trials 
are needed for further evaluation.
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