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Rate Control Yields Better Clinical Outcomes Over a Median
Follow-Up of 20 Months Compared to Rhythm Control
Strategy in Patients With a History of Atrial Fibrillation:

A Retrospective Cohort Study

Renato De Vecchis® ¢, Marco Di Maio®, Silvia Soreca?, Carmelina Ariano?

Abstract

Background: Clinical management of patients with a history of atrial
fibrillation (AF) focuses on the goal of preventing AF recurrences, or,
if this is impossible due to the fact that the arrhythmia has by now be-
come permanent, it is aimed at the control of the ventricular response.
In patients with AF, an important topic is the comparative evaluation
in the mid/long-term of clinical outcomes arising from the various
therapeutic regimens, including pharmacological approaches as well
as radiofrequency catheter ablation (abl).

Methods: In the present cohort retrospective study, 175 cases of par-
oxysmal, persistent or long-lasting persistent AF have been grouped
depending on therapeutic approach: abl-isolated or followed by
chronic use of antiarrhythmics (74 cases), drug treatment for rate
control strategy (60 cases), drug treatment for rhythm control strategy
(41 cases). The effects respectively exerted by the three treatment mo-
dalities on the primary endpoint, namely a composite of death, disa-
bling stroke, severe bleeding and cardiac arrest , have been compared
through a median follow-up of 20 months (interquartile range = 18
- 24 months) using the Cox proportional-hazards regression analysis.

Results: As documented by the Cox model, an increased risk of the
primary composite endpoint was associated with the rhythm control
strategy, as well as with the AF recurrences during the follow-up (for
the former, hazard ratio (HR): 3.3159, 95% CI: 1.5415 to 7.1329, P
= 0.0023; for the latter, HR: 1.0448, 95% CI: 1.0020 to 1.0895, P
=0.0410). Even hypertension was associated with an increased risk
(HR: 1.1040; 95% CI: 1.0112 to 1.9662; P = 0.0477). On the con-
trary, a rate control strategy predicted a decreased risk of experiencing
the primary endpoint (HR: 0.0711; 95% CI: 0.0135 to 0.3738; P =
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0.0019) while abl did not exert a statistically significant effect on the
same outcome.

Conclusions: AF abl decreases the arrhythmic episodes but does not
provide a statistically significant protection against the composite
of death, disabling stroke, major bleeding and cardiac arrest after a
20-month follow-up. Moreover, in patients with a history of AF, rate
control compared to rhythm control strategy provides better clinical
outcomes over a mid-term follow-up.

Keywords: Atrial fibrillation; Rate control strategy; Rhythm control
strategy; Clinical outcomes

Introduction

Transcatheter ablation is the most advanced approach to the
treatment of paroxysmal, persistent and long-lasting persis-
tent atrial fibrillation (AF) [1]. It consists of the electro-ana-
tomical isolation of the pulmonary venous ostia within the left
atrium after puncturing the interatrial septum and introducing
the operative catheter into the left atrium. The technique in
question was set up for the first time by Haissaguerre et al [2]
and refined later by Pappone et al [3]. The creation of linear
lesions with the radiofrequency catheter at the level of these
arrhythmogenic foci is then complemented in selected cases
by the induction of additional lesions of variable extent of the
subendocardial layers of the atrial myocardium. Unlike the
very targeted approaches used for the selective ablation of the
accessory idionodal [4] or atrio-ventricular pathways [5], the
extensively destructive character of the AF ablation technique
has always prompted, from its first appearance, hesitations
and perplexities. They are essentially about the concept that
with atrial ablation one artificially creates areas of inhomo-
geneity of impulse conduction that could take the function
of a trigger or of re-entry pathway, in analogy with what is
observed at the level of the ventricular myocardium injured
by the infarct. In fact it is known that fibrotic areas or post-
infarct scars are able to act as a starting and triggering point
for even severe hyperkinetic arrhythmias. Therefore, there are
still some conceptual reluctances and tenacious objections re-
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garding the option of treating AF by creating radiofrequency-
related atrial cicatrices which might be potentially arrhythmo-
genic in themselves [6].

Aims of the study

In the present study, banning the conceptual diatribes and op-
erational disputes, we have rather considered the widespread
diffusion of radiofrequency ablation techniques to make a ret-
rospective comparison between ablated patients and patients
subjected to pharmacological antiarrhythmic therapy within a
population consisting of patients with recent occurrence of AF,
paroxysmal, persistent or long-lasting persistent AF. We have
considered a composite primary endpoint, consisting of death,
disabling stroke, severe bleeding and cardiac arrest, over a
mid-term follow-up. In addition, as a secondary endpoint, the
number of AF relapses comparatively evaluated in the ablated
patients versus those pharmacologically treated has been taken
into account.

Materials and Methods

The study was designed as a retrospective cohort study. The
main task of our team was the collection of data derived from
a median follow-up of 20 months, concerning the two above-
mentioned endpoints. We have retrospectively collected the data
because at that time (2015 - 2017) this was the only available
modality for the execution of such a study (in particular, it was
not possible for us to implement the procedures of AF ablation).

It is important to note that the procedures described in the
study were carried out by medical-health professionals and
technicians in the field of electrophysiology and interventional
arrhythmology who do not coincide with those, the article’s
authors who at a later stage extracted the archived data and
performed statistical comparisons.

In other words, the ablation techniques and pharmacologi-
cal treatments, with the choice of drugs and the selection of
the respective dosages, were performed by doctors who subse-
quently had no role in drafting the article or making compara-
tive evaluations between groups and in processing and inter-
pretation of the data.

As regards the origin of the data used for making compari-
sons, it is largely composite due to the fact that the pertaining
database collects contributions attributable to patients belong-
ing to the Cardiology Outpatient Units and Inpatient Divisions
of the ASL Napoli 1 Centro (Naples, Italy), as well as those
coming from Cardiac Arrhythmology Operational Unit of the
“Pineta Grande” Clinic of Castelvolturno (CE), Italy, or those
derived from the Complex Structure of Cardiac Arrhythmol-
ogy and Electrophysiology of the “San Raffaele” IRCCS Hos-
pital in Milan, Italy.

Patient selection

The patients who underwent ablation as secondary prevention
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for their AF were all subjected to pulmonary vein isolation
(PVI) by point-by-point radiofrequency ablation.

Procedural endpoint was ipsilateral PVI [1] assessed by a
circular mapping catheter and challenged by adenosine. Abla-
tion at the cavo-tricuspid isthmus was performed in patients
with documented typical atrial flutter. Patients were usually
discharged the day after the ablation procedure, and oral an-
ticoagulation was continued for at least 3 months. The blank-
ing period was usually kept for a duration ranging from 1 to 3
months, during which it was customary practice to administer
an oral antiarrhythmic maintenance therapy (drugs of classes
IC or III of the classification of Vaughan Williams, in particu-
lar propafenone, flecainide and sotalol, only rarely amiodarone
at congruous doses per os). Based on the documentation, both
paper and electronic, it was possible to identify a dichotomy
of prescriptive behaviors by the physicians charged of clinical
management of the patients previously undergone AF ablation.

In fact, at cardiologist’s complete discretion, in ablated pa-
tients oral antiarrhythmic therapy (IC drugs or sotalol) could
be discontinued at the end of the canonical blanking period, or,
on the contrary, it could be kept according to doses established
by empirical criteria, and according to completely arbitrary
timing (up to 6 months after ablation, up to 12 months after
ablation or indefinitely).

Importantly, the physicians prescribing drugs for rate or
rhythm control strategy almost always forgot to detail in the
clinical sheet the guiding criteria and/or rational motivations
for the solutions to be applied to individual patients. In fact,
from the thorough analysis of the clinical picture (in particu-
lar, possible comorbidities, possible coexistence of signs and
symptoms of heart failure, and echocardiographic measure-
ments of the left atrium), as well as from the chronological
characterization of atrial fibrillation (if paroxysmal, persistent,
or long lasting persistent), it was not consistently possible to
identify a rational criterion, capable of systematically justify-
ing the indication of the doctors to use the rate control instead
of the rhythm control strategy or vice versa. In order to make
the baseline clinical and echocardiographic data as homoge-
neous as possible, patients were not included in bulk in the
study. On the contrary, we tried to collect a patient population
as uniform as possible.

Patient follow-up

During the follow-up, after the ablation procedures or the initia-
tion of anti-arrhythmic pharmacological prophylaxis according
to the rate or rhythm control strategy, the patients performed
clinical visits as well as instrumental checks (collection of the
anamnesis, objective clinical examination, 12-lead surface
ECG, 24-h Holter examination, and transthoracic echocardio-
gram) at intervals of 3 months or even more often, in case of
justified clinical reasons (e.g., AF relapse in the meantime).
The retrospective review of the medical records that were
used in the study preparation involved the years 2017 and 2016,
and 2015 in part. In any case these time limits allowed the au-
thors to collect a sufficient number of patients to be included in
the statistical comparisons necessary to the retrospective study
and to the article’s preparation. Patients were encouraged to
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Table 1. Clinical Characteristics

Therapeutic regimen Cat_heter ablation RaEe control strategy hathm control strategy
(n = 74) (n = 60) (n = 41)
Age (years), median (IQR) 62 (54 -70) 63 (56 - 63) 63 (55 - 64)
Male gender, n (%) 53 (72%) 44 (74%) 27 (65.8%)
BMI (kg/m?), mean+SD 27.3+4 27.3+4 29+5
Paroxysmal AF, n (%) 74 (100%) 47 (78.3%) 32 (78%)
Prior cardioversion, n (%) 18 (24%) 14 (23.3%) 25 (60.9%)
AF history (months), median (IQR) 26 (12 - 81) 26 (7 - 84) 26 (12-81)
Antero-posterior left atrial diameter (mm), mean+SD 42+4 43 +£5 43+6
Hypertension, n (%) 33 (44.6 %) 27 (45%) 17 (41.5%)
Left ventricular ejection fraction (%) 56 50 52
Previous TIA/stroke, n (%) 6 (8%) 5 (8%) 5(12.2%)
Diabetes, n (%) 3 (4.05%) 3 (5%) 3(7.3%)
History of typical atrial flutter, n (%) 16 (21.62%) 7 (11.6 %) 8 (19.5%)
CHA,DS,-VASc score > 2, n (%) 15 (20.2%) 12 (20%) 9 (21.95%)

At least 1 AF episode, n (%)

Per 3 months

17 (22.9 %)

Per month 17 (23%)
Per week 12 (16.2%)
Per day 5 (6.7%)

23 (38.3 %) 9(21.95%)

22 (36.6 %) 8 (19.5%)
15 (25%) 5 (12.2%)
9 (15%) 3(7.3%)

AF: atrial fibrillation; BMI: body mass index; IQR: interquartile range; SD: standard deviation; TIA: transient ischemic attack.

register arrhythmia-related symptoms and to have an ECG tak-
en during symptoms. In case of long-lasting arrhythmia symp-
toms, patients were instructed not to change drug treatment and
to contact their cardiologist or their local hospital.

In any case, patients were informed about their inclusion in
anonymous form in the analysis of aggregate data and they con-
sistently consented being included in this retrospective study,
after being made aware of its modalities and scientific aims.

Statistical analysis

Continuous data are reported as means (= SD) or medians
(interquartile range (IQR)). D’Agostino-Pearson test was
used to test for normality. Comparisons between groups were
performed using the Student’s #-test or Mann-Whitney U test
where appropriate. Categorical data were reported as propor-
tions or percentages and comparisons between groups were
performed using the Chi-squared test or the Fisher’s exact test
where appropriate. Likewise, when necessary, Kruskal-Wallis
as well as one-way ANOVA tests was carried out.

Analyses were performed according to the modified inten-
tion-to-treat principle. The primary endpoint ,i.e., the compos-
ite consisting of death, disabling stroke, severe bleeding and
cardiac arrest, was considered as an outcome variable within
a multivariable Cox proportional-hazards regression model
comprising several exposure variables. Multivariate Cox
proportional-hazards regression was also employed to assess
possible predictors for AF recurrences during the follow-up
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(secondary endpoint). Statistical tests were two tailed, and P-
value < 0.05 was considered statistically significant. Analyses
were conducted using Excel 2016 (version 16.0, Seattle, WA,
USA) as well as MedCalc Version 18.6 (Acacialaan 22, 8400
Ostend, Belgium).

Results

In the present study, the patients, assigned to the three different
modalities of prophylaxis of AF recurrences, exhibited strong
similarities concerning the clinical history and basal features.
In this regard, we refer to Table 1 that includes some anthropo-
metric, clinical and echocardiographic characteristics of each
of the three therapeutic arms (the patients undergone ablation,
those undergone rate control strategy and those treated with
rhythm control strategy).

Importantly, among the 194 patients originally gathered
for enrollment in the retrospective study, 19 patients were
subsequently ruled out from the statistic evaluation, i.e., Cox
proportional-hazards regression analysis, of whom 10 belong-
ing to the Abl group, six to the rate control and three to the
rhythm control strategy group. The reasons for exclusion are
represented as follows.

In the Abl group, for five patients the exclusion stemmed
from the fact that the observation period had been too short
(less than 6 months), whereas for other five patients it was
caused by the fact that at least one severe comorbidity domi-
nating the clinical scene was present (cancer in three cases,
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Figure 1. The figure shows the respective distributions of the three therapeutic approaches used in the series of 175 patients
included in the present cohort retrospective study. The three graphs with stacked layers refer each to one of the three therapeutic
modalities adopted: on the left, the transcatheter ablation, involving 74 patients, of whom 40 subjected to simple ablation and
34 with ablation followed by chronic administration of antiarrhythmics, namely IC drugs or sotalol; at the center, the rate control
strategy with the use of atenolol (30 cases) or verapamil (30 cases); on the right the rhythm control strategy, with the bar consist-
ing of three layers representing the use of sotalol (seven cases), propafenone (14 cases) and flecainide (20 cases), respectively.

neurodegenerative disease in two cases).

In the rate control strategy group the reasons for the ex-
clusion were the following: for four patients the presence of
a brady-tachy syndrome which is known to contraindicate
antiarrhythmic drugs, so that only anticoagulant therapy was
practiced in these patients awaiting the implantation of a pace-
maker. Furthermore, two patients had undergone atrioventricu-
lar node ablation with subsequent implantation of a device for
cardiac resynchronization therapy.

In the rhythm control strategy group, three patients were
excluded, due to intolerance to the pharmacological side effects.

In reality, this resizing of the database was carried out to
make the three groups as homogeneous as possible, by exclud-
ing patients involved by clinical conditions or therapies un-
evenly distributed across the three groups, e.g., patients with
sick sinus syndrome, all belonging to the rate control cohort, or
patients with too short follow-up, all related to the Abl group.
Thus, only 175 patients were included in the study. The follow-
up mean duration in our retrospective study was 20 months
(interquartile range = 14 - 24 months). Patients assigned to Abl
were 74, of whom 21 females (Table 1 and Fig. 1). Besides,
the group assigned to rate control strategy consisted of 60 pa-
tients, of whom 16 were female, whereas the group attributed
to rhythm control strategy was composed of 41 patients, in-

cluding 14 females (Table 1 and Fig. 1).

In accordance with this need to assure homogeneity be-
tween the groups, an attempt at selecting exclusively “stand-
ardized” therapies was made. In this regard, the patients were
grouped in the three retrospective arms, by paying attention to
gather only those for whom a well-defined drug dose was re-
ported. Therefore, in the Abl group, constituted by 74 patients,
of whom 40 subjected to simple Abl and 34 with Abl followed
by chronic administration of antiarrhythmics (IC drugs, based
on Vaughan Williams classification), or sotalol, the doses were
as follows: propafenone (17 patients) 150 mg three times a
day, flecainide (16 patients) 100 mg twice daily, sotalol (one
patient) 80 mg twice daily. Moreover, patients belonging to
rate control strategy group (n = 60) were treated as follows:
30 patients received atenolol (25 mg twice daily), while the
remaining 30 were given verapamil (80 mg twice daily).

Conversely, patients who had been retrospectively en-
rolled in the rhythm control strategy group (n = 41), were giv-
en flecainide 100 mg twice daily (20 cases), propafenone 150
mg three times a day (14 cases) and sotalol 80 mg twice daily
(7 cases) (Fig. 1).

During the abovementioned median follow-up, 25 patients
experienced the primary composite endpoint (death, disabling
stroke, severe bleeding and cardiac arrest).

Table 2. Distribution of the Four Components of the Primary Composite Endpoint Among the Four Therapeutic Regimens for Pre-

vention of AF Recurrences

Death Disabling stroke Major bleeding Cardiac arrest
Abl without ADT 3 - - 1
Abl with ADT 4 - - 2
Rate control strategy 2 1 1 -
Rhythm control strategy 4 3 1 3

Abl: transcatheter ablation; ADT: antiarrhythmic drug treatment; AF: atrial fibrillation.
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Figure 2. Kaplan-Meier curves illustrating the effects on primary composite endpoint, i.e., death, disabling stroke, major bleeding
and cardiac arrest, exerted by each of the four therapeutic regimens for AF prevention (rhythm control strategy, abl with ADT,
abl without ADT and rate control strategy) investigated in the retrospective study through a median follow-up of 20 months. Abl:
transcatheter ablation; AF: atrial fibrillation; ADT: antiarrhythmic drug treatment.

The distribution of the primary endpoint in the three
groups (Table 2) was as follows: 10 patients experienced the
primary endpoint in the Abl group (n = 74), four patients fell
under the primary endpoint in the rate control strategy group (n
= 60), while 11 experienced this same outcome in the rhythm
control strategy group (n = 41). The deaths were 13:7 due to
irreversible progression of chronic heart failure (all belonging
to Abl group), three due to myocardial infarction (one patient
belonging to rate control and two to rhythm control strategy
group), one due to pulmonary embolism consequent to deep
vein thrombosis of the lower limbs (Abl group), one due to
subarachnoid hemorrhage (rate control strategy group), and
one caused by sepsis (rthythm control strategy group).

A Kaplan-Meier curve was built (Fig. 2) in order to graph-
ically represent the different effect on the primary composite
outcome exerted by each therapeutic regimen. A P-value of <
0.0001 (log-rank test) was found (Fig. 2), indicating a signifi-
cantly decreased risk of the primary composite endpoint for
patients assigned to the rate control strategy. In addition, a
multivariate Cox proportional- hazards regression model was
built (Table 3) by assuming as explanatory variables all those
that, at the univariate Cox regression analysis preliminarily
performed , had presented a sufficient predictive value, con-

ventionally indicated by a P-value of < 0.05. According to this
criterion, the variables included in the model were: AF recur-
rences during follow-up, Abl (0 = isolated Abl; 1 = Abl fol-
lowed by chronical administration of IC drugs or sotalol), rate
control strategy (2 = atenolol; 3 = verapamil) , rhythm control
strategy (4 = sotalol; 5 = propafenone; 6 = flecainide), time
to first AF recurrence (days), anteroposterior diameter of left
atrium (continuous variable), left ventricular ejection fraction
(continuous variable), hypertension.

An increased risk of being affected by the primary end-
point was associated with the rhythm control strategy (hazard
ratio (HR): 3.3159; 95% CI: 1.5415 to 7.1329; P=0.0023) and
with AF recurrences during the follow-up (HR: 1.0448; 95%
CI: 1.0020 to 1.0895; P = 0.0410). Even hypertension was as-
sociated with an increased risk (HR: 1.1040; 95% CI: 1.0112
to 1.9662; P = 0.0477). Conversely, rate control strategy was
statistically significantly associated with a decreased risk of
developing the primary endpoint (HR: 0.0711; 95% CI: 0.0135
to 0.3738; P =0.0019). Abl was not a significant predictor of
the primary endpoint. Likewise, the time (in days) to first AF
recurrence did not predict the primary endpoint (Table 3).

Regarding the risk of AF recurrences in the comparison
between the three antiarrhythmic therapeutic approaches (Abl,
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Table 3. Multivariable Cox Proportional-Hazards Regression Model

95% CI of HR

Hazard ratio (HR)

1.0448*
1.0016

SE

Covariate

1.0020 to 1.0895*
0.9982 to 1. 0051

0.0410*
0.3642

0.0214

0.0017

0.0438
0.0016

No. AF recurrences during follow-up

Time to first AF recurrence (days)
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{influence factor)
Within groups 18651,6358 172 108,4397
{other fluctuations)
Total 29113,7143 174
F-ratio 48,239
Significance level P <0001

STUDENT-NEWMAN-KEULS TEST FOR ALL PAIRWISE COMPARISONS

Factor n Mean | Different (P<0,05)
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1 74 19 (2)

2)2 60 2 (1N3)
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Figure 3. Representation of the AF recurrences, according to the type of therapeutic approach: whether consisting of ablation,
rate control or rhythm control strategy. Please note that each of the numbers reported within the bars coincides with the mean
number of AF recurrences identified for every patient of the three arms over a 20- month median follow-up. Moreover, note that in
the rate control strategy group any rise in mean ventricular response occurring at rest attaining 140 beats per minute and lasting

no less than 30 min was arbitrarily equated to an AF relapse.

vere clinical picture. In reality, the recent societal guidelines
provide that abl should be prescribed to patients severely dis-
turbed by AF-related symptoms after at least one drug to treat
AF has been tested [7]. It is therefore possible that the group of
74 ablated patients constituted a subset of patients with phar-
macoresistant AF and/or with a more severe clinical picture.

AF: atrial fibrillation.

Thus, after a median follow-up of 20 months, the lack of a
statistically significant improvement of the primary end-point
in the ablated group compared to the rate control group might
simply be the epiphenomenon of a more severe basal clinical
profile, rather than being ascribed to a supposed inefficiency,
ineffectiveness of Abl compared to rate control approach.
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In the present retrospective study, while no statistically
significant advantage regarding the primary endpoint has been
identified for abl, the rate control strategy has been shown to
have a protective value, in contrast to the rhythm control strat-
egy which has exhibited a role of significant risk factor (Table
2). In our statistical model, namely multivariate Cox propor-
tional-hazards regression analysis, AF recurrences have been a
predictor of the primary composite endpoint of death, disabling
stroke, major bleeding and cardiac arrest. Thus, it is plausible
to infer the existence of an associative link between recurrent
episodes of AF, and increased risk of exitus or serious adverse
events (stroke, severe hemorrhage, cardiac arrest) in the mid-
term (20 months of follow-up according to our experience).

Study limitations

The retrospective collection of a data set constitutes the most
frequently used method for gathering medical-health informa-
tion, but at the same time it implies an important limitation
because it entails relatively frequent biases. This also applies
to our study and should advise caution in the interpretation
of the results. Further limitations of our study are the rather
exiguous sample size and the relatively short duration of the
follow-up. We hope that the conclusions reached can be con-
firmed by future prospective randomized studies with greater
sample size.

Conclusions

In our retrospective cohort study, that included patients with
paroxysmal, persistent or long-lasting persistent fibrillation, af-
ter a median follow-up of 20 months an increased risk of being
affected by the primary endpoint (death, disabling stroke, ma-
jor bleeding and cardiac arrest) was associated with the rhythm
control strategy (P = 0.0023), as well as with AF recurrences
during the follow-up (P = 0.0410), and history of hypertension
(P = 0.0477). Conversely, rate control strategy was associated
with a decreased risk of the primary endpoint (P = 0.0019).
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