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Abstract

Background and Objectives Atrial fibrillation (AF) is highly prevalent in older adults and has been associated with increased
morbidity and mortality. To reduce this AF-related morbidity in older adults, antiarrhythmic drugs (AADs) are regularly
used for rhythm control, assuming that increasing time in sinus rhythm reduces AF-related morbidity. However, whether
AADs can improve clinical outcomes in older adults remains unclear because of the increased risk for adverse drug events
compared with rate control. The aim of this study was to determine the impact of thythm control versus rate control on clini-
cal outcomes in older adults with AF.

Design and Methods We conducted a systematic review and meta-analysis targeting patients aged >65 years with AF and
using drugs to control rate or rhythm. Articles that met the following criteria were included: enrolled older patients (sample
mean >75 years) with AF, compared pharmacological rate versus rhythm control, and reported all-cause mortality, cardio-
vascular mortality, or ischemic stroke.

Results Five observational studies were included. In total, 86,926 patients with AF with a mean age ranging from 75 to
92 years were studied. No differences were found between rhythm and rate control for all-cause mortality (odds ratio [OR]
1.11; 95% confidence interval [CI] 0.78-1.59; I?=79.6%; n=28,526; four studies) and cardiovascular mortality (OR 1.09;
95% CI0.81-1.47; >=0%; n=2292; two studies). Rhythm control resulted in fewer strokes (OR 0.86; 95% CI 0.80-0.93;
I?=0%; n=59,496), although this was mainly determined by one study.

Conclusion All collected data were observational, which precluded making strong recommendations. Furthermore, all CIs
were wide, increasing the uncertainty of the observed effects. As such, evidence was insufficient to recommend rhythm or
rate control as the first-line therapy for AF in older adults. As AF is particularly prevalent in older people, more randomized
controlled trials are needed in this population.

1 Introduction

Atrial fibrillation (AF) is the most common rhythm disorder
in older adults, and both the incidence and the prevalence
of this disorder are increasing. AF currently affects 5% of
all people aged > 70 years and approximately 9% of those
aged > 80 years [1, 2]. AF is associated with increased mor-
bidity and mortality, especially in older patients, signified
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by an annual mortality rate of 8% in patients with AF aged
> 75 years [3]. This is mainly because of the development of
heart failure and the risk for thromboembolic complications
such as stroke and transient ischemic attack (TTIA) [4]. Yet,
clinicians are regularly confronted by the paucity of trial
data on best practice in older adults, especially in regard
to managing heart rate and rhythm in older adults with AF.
Rhythm control is the use of pharmacological and/or elec-
trical means to restore (in the acute setting) and maintain
(in the chronic setting) sinus rhythm. Conversely, rate con-
trol commonly pertains to the use of atrioventricular nodal
blocking agents (e.g., f-blockers) that lower the ventricular
response rate in AF.

European and North American clinical practice guide-
lines on the management of AF do not provide explicit
guidance on which approach to prefer in stable outpatients
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Our meta-analysis found no differences in all-cause
mortality and cardiovascular mortality between rhythm
and rate control strategies in older patients with atrial
fibrillation (AF).

Rhythm control was associated with fewer strokes than
was rate control in the meta-analysis. However, this
result was because of the effects observed in one large
observational study and remains to be confirmed by
randomized controlled trials.

Randomized controlled trial data are lacking as to
whether rate or rhythm control should be preferred
in terms of the clinical outcomes of patients aged
> 75 years with AF.

Drug safety profiles and patient preferences should
largely determine the treatment strategy used in older
adults with AF.

[5, 6]. In contrast, AF guidelines do strongly recommend
the use of anticoagulation because the evidence base,
including in older people, is clear: oral anticoagulation
reduces the relative risk of stroke by 64% compared with
placebo [7, 8].

Since 2002, multiple published randomized controlled tri-
als (RCTs) and systematic reviews have compared rhythm
and rate control for the treatment of AF in the general popu-
lation. Yet, data on treatment strategies for AF in patients
aged >75 years remain scarce [9, 10]. We therefore con-
ducted a systematic literature review with meta-analysis to
determine whether pharmacological rhythm control was
superior to rate control in older patients with AF in terms of
mortality, morbidity (stroke, heart failure, hospitalization),
and quality of life.

2 Methods
2.1 Search Strategy

We systematically searched the electronic databases Pub-
Med and Embase for relevant papers using a comprehensive
search string (see Appendix 1 in the Electronic Supplemen-
tary Material [ESM]). This search strategy was composed
using the following three concepts (terms): age >65 years
(elderly, aged, geriatric), AF (AF, auricular fibrillation),
and rate- or rhythm-control drugs (amiodarone, cordar-
one, sotalol, dronedarone, flecainide, tambocor, apocard,
encainide, pB-blockers, bisoprolol, nebivolol, verapamil,
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isoptin, digoxin, lanoxin). The Boolean operators “AND”
and “OR” were used to combine the terms and concepts.
Editorials, letters, conference abstracts, comments, and case
reports were excluded using the Boolean operator “NOT”.
The search was limited to papers published in Dutch, French,
and English. The search was conducted in November 2017
without limitations to the year of publication. The search
was updated in June 2019. We also hand searched the refer-
ence lists of included studies to identify additional studies.

2.2 Study Selection

Two reviewers (LD and LS) independently screened first
titles, then abstracts, then the full texts of relevant papers.
In case of disagreement between the two reviewers, a third
reviewer (JT) was consulted to discuss eligibility. Articles
were included if the following criteria were met: enrolled
older patients (population minimum age 65 years and mean
age of sample > 75 years) with AF; compared pharmaco-
logical rate versus rhythm control; and reported all-cause
mortality, cardiovascular mortality, ischemic stroke, heart
failure, hospitalization, or quality of life. Only quantitative
studies (randomized prospective, observational prospective
and retrospective studies) were included. Systematic reviews
and qualitative studies were excluded.

2.3 Methodological Quality Assessment

We assessed the methodological quality of the studies using
the Methodological Index for Non-Randomized Studies
(MINORS), which contains 12 items for comparative stud-
ies [11]. The maximum score per item was 2, with the total
score ranging from O to 24 (see Appendix 2 in the ESM).

2.4 Data Extraction and Synthesis

The following data were extracted from the included stud-
ies: design, population characteristics, sample size, age,
and percentage of patients receiving anticoagulation and
investigational drugs (see Table 1). Data regarding the pri-
mary outcome (all-cause mortality, cardiovascular mortal-
ity, ischemic stroke, heart failure, hospitalization) were also
extracted (see Table 2). Data were retrieved by one author
(LS) and confirmed by a second author (LD). A narrative
qualitative summary of all studies was compiled.

We performed a meta-analysis and calculated odds ratios
(ORs), 95% confidence intervals (Cls), and the number
needed to treat. To that end, a DerSimonian—Laird random-
effects model was derived using the “metan” command in
STATA. Statistical heterogeneity was explored using forest
plots and the /? statistic. Publication bias was not assessed
because of the limited number of studies included. Primary
publications did not report missing data.
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3 Results

A total of 8370 unique studies were identified in the database
search, of which 8319 were excluded after screening the title
and abstract. As a result, the full texts of 51 articles were
screened, after which 46 articles were excluded. The search
flow is summarized in Fig. 1. Finally, five observational
studies (two prospective, three retrospective) were included
in this review.

A total of 86,926 patients with AF with a mean age rang-
ing from 75 [12] to 92 years [13] were studied. The propor-
tion of women in the included samples ranged from 45 [12]
to 73% [13]. The anticoagulation percentage ranged from 35
[13] to 84% [12]. Mean follow-up times ranged from 1 [14]
to 3.4 years [12] (see Table 1). According to the MINORS
criteria, high scores were obtained for four of five studies
(20 or 21); only one study had a score of 14 (see Appendix 2
in the ESM).

3.1 Mortality
All-cause mortality was assessed in four studies [12—15] (see

Table 2). Ionescu-Ittu et al. observed lower mortality with

Table 1 Study characteristics

rhythm control; conversely, data from Shariff et al. indicated
fewer deaths with rate control (see Fig. 2). The pooled analy-
sis showed no difference between rhythm and rate control
(OR 1.11;95% CI10.78-1.59; P=179.6%; n=28,526; median
time to follow-up 25.5 months). Two studies assessed car-
diovascular mortality and found no difference between
rhythm and rate control, either in the individual studies or
in the pooled analysis (OR 1.09; 95% CI 0.81-1.47; I*=0%;
n=2292; median time to follow-up 26.4 months) [12, 14]
(see Fig. 2).

3.2 Morbidity (Ischemic Stroke, Heart Failure,
and Hospitalization)

Three studies [12, 13, 16] assessed the onset of TIA or stroke
(see Table 2). Tsadok et al. observed a lower incidence of
stroke in the rhythm control group (see Fig. 2). The pooled
analysis showed fewer strokes/TIA with rhythm control (OR
0.86; 95% CI 0.80-0.93; I’=0%: n=759,496; median time
to follow-up 33.6 months). This equals a number needed to
treat of 107 (95% CI 74-193).

Only two studies reported the incidence of heart fail-
ure and hospitalization, so this was not included in the

Study Country  AF population Study design Rate vs rhythm Mean Men (%) Antico- Rate inter- ~ Rhythm
N) age agulated vention intervention
(years) patients: rate
vs rhythm
(%)
Shariff et al. USA Recurrent AF Retrospec- 1118/1130 75 55 86/83 BB, CCB, Amiodarone,
[12] in patients tive, obser- digoxin flecainide,
70-80 years, risk vational disop-
factor for stroke or yramide,
death moricizine,
procaina-
mide, and/
or electrical
cardiover-
sion
Tsadok et al. Canada  All types of AF in Retrospec-  41,193/16,325 79 45 78177 BB, CCB, Class Ia,
[16] patients > 65 years tive, obser- digoxin Ic, and 11T
vational AAD
Ionescu-Ittu  Canada  New-onset AF dur-  Retrospec- 19,728/6402 79 44 54/60 BB, CCB, Amiodarone,
etal. [15] ing hospitalization, tive, obser- digoxin sotalol,
patients > 66 years vational class 1
AAD
Wautzler Germany All types of AF in Prospective, 242/37 92 27 35 BB, CCB, Flecainide,
et al. [13] patients > 89 years observa- digoxin amiodar-
tional one, sotalol
Paciullo Italy Patients > 65 years Prospective, 626/125 81 49 46 BB, CCB, Class Ic and
etal. [14] admitted with AF observa- digoxin 11 AAD
in internal and tional

geriatric wards

AF atrial fibrillation, AAD antiarrhythmic drug, BB f-blocker, CCB calcium channel blocker
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Table 2 Results from individual studies

Wautzler et al. [13] Paciullo et al. [14]

Tonescu-Ittu et al. [15]

Tsadok et al. [16]

Shariff et al. [12]

Outcomes

Rhythm (N) P value Rate (N) Rhythm (N) P value Rate (N) Rhythm (N) P value

Rhythm (N) P value Rate (N)

Rate (N) Rhythm () P value Rate (N)

0.7

10/71

0.7 55/347

12/94 3/10

>0.05

9879/19,728 3034/6402

1

0.0

154/937 200/937

All-cause mor-
tality

0.89

4/71

21/347

0.39

92/937

84/937

Cardiovascular
mortality

0.75
0.59

3/10
4/10

33/94
46/94

2705/41,193 928/16,325 <0.001

0.61

44/937

41/937

Ischemic stroke

Heart failure

<0.001

Hospitalization 571/937 641/937

meta-analysis [12, 13]. Shariff et al. reported significantly
lower hospitalization rates in the rate control group than
in the rhythm control group (hazard ratio 0.76; 95% CI
0.68-0.86) (see Table 2). Wutzler et al. reported no signifi-
cantly increased incidence of heart failure with rate control
versus rhythm control (p =0.59) (see Table 2).

3.3 Antiarrhythmic-Related Adverse Events, Quality
of Life

None of the five included studies reported antiarrhythmic-
related adverse events or compared quality of life in rate
versus rhythm control strategies.

4 Discussion

We conducted this systematic review and meta-analysis
to compare the benefits of a rhythm-control versus a rate-
control strategy in older patients with AF. To the best of
our knowledge, our meta-analysis and systematic review is
the first report dedicated to the use of antiarrhythmic drugs
(AADs) in adults aged >75 years. Our literature search
resulted in only five observational studies, and no RCT data
were found. This is surprising as AF is a disease predomi-
nantly found in older adults, with a prevalence of up to 46%
of patients admitted to acute geriatric wards [17]. In sum,
we found no convincing evidence in favor of rhythm control.
As such, given the importance of “first do no harm” [5, 6],
drug safety profiles and patient preferences should dictate
the preferred strategy in older patients with AF.

We could draw no robust conclusions in support of one
specific strategy in terms of mortality, given the CI of the OR
inferred in our meta-analysis included the value of 1.00. This
falls well within the current body of literature. Since 2002,
multiple RCTs have found rhythm control to be unlikely to
improve all-cause and cardiovascular mortality in the overall
population compared with rate control [18-21]. Nonetheless,
the observational study by Ionescu-Ittu et al. [15] did report
lower mortality in favor of rhythm control. However, this
seemingly contradictory result might be explained by patient
selection, as patients in the rate control group might have
had more comorbidities or more severe disease. For the same
reason, a subgroup analysis of another large observational
study (n=15604), the RECORD-AF, suggested that worse
outcomes mostly depended more on the presence of comor-
bidities (congestive heart failure, chronic kidney disease,
coronary artery disease, history of stroke) and age than on
the choice of rate versus rhythm control [22]. Importantly,
a more recent large observational trial (n =6988) supported
the findings of the first RCTs in 2002 (AFFIRM, RACE)
and found no survival benefit for rhythm control compared
with rate control [23]. Given the pathophysiology of AF, it
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November 2017: 2694 Records identified
through PubMed database searching

November 2017: 7396 records identified
through Embase database searching

\ 4

1720 duplicates

\

8370 records screened
for title and abstract

N

51 records screened for full text

46 records excluded:

- age at inclusion not > 65y (n=18)

- Not pharmacological rate vs rhythm
control studies (n=8)

v

- RCTs substudies (n=12)

- Meta-analysis (n= 3)

- Not the general older population (n
=5)

5 records included

Fig. 1 Flowchart of study selection. The search was updated for the
final time in June 2019, which resulted in 216 extra records in Pub-
Med and 894 extra records in Embase compared with the search
in November 2017. The extra records were screened for title and

stands to reason that thythm control should be able to reduce
AF-related morbidity (e.g., strokes) to a larger degree than
rate control. At first glance, this seems to be the case in our
meta-analysis, which showed significantly fewer strokes in
the rhythm control group. However, this effect was com-
pletely determined by the one observational study by Tsadok
et al. [16] and is in contrast with other studies, which found
no difference in the number of ischemic strokes or heart
failure events [12, 13, 18-20, 23]. However, this study by
Tsadok et al. [16] has methodological issues that raise con-
cerns about its validity. For example, it is difficult to fully
correct for selection bias. Patients in the rate control group
were more multimorbid than those in the rhythm control
group and might have had a higher risk of stroke. Tsadok

abstract, resulting in the full text of three records being screened. All
three records were excluded because the age at inclusion was not >65
years

et al. [16] also equated anticoagulation with antiplatelet
therapy, an inferior protection for stroke, which might have
further confounded their findings. Finally, they did not verify
medication intake. Therefore, we cannot conclude from our
meta-analysis whether rhythm control reduces stroke inci-
dence. Only one study measured a hospitalization outcome,
and those study findings seemed to favor rate control, which
was also confirmed by other data [12, 21, 23]. This is largely
because the adverse drug event (ADE) rate was lower in the
rate-control group than in the rhythm-control group [18, 22,
24]. Of course, this is especially relevant in older patients,
who are more susceptible to ADEs because of age-related
alterations in the pharmacokinetics/pharmacodynamics of
many medications [25].
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Outcome: all-cause mortality

Events, Rhythm  Events, %

Study OR (95% CI) control Rate control ~ Weight
Tonescu-Ittu 2012 ok 0.90 (0.85,0.95)  3034/6402 9879/19728  42.74
Sharrif 2013 . 1.38(1.09, 1.74) ~ 200/937 154/937 36.55
Watzler 2015 T 2.93(0.67,12.89) 3/10 12/94 5.16
Paciullo 2018 — 0.87(0.42,1.80) 10/71 55/347 15.55
Overall (I-squared = 79.6%, p = 0.002) <j> 1.11 (0.78,1.59)  3247/7420 10100/21106  100.00
NOTE: Weights are from random effects analysis i

T T

2 1 13

Outcome: cardiovascular mortality
Events,

Rhythm Events, Rate %

Study OR (95% CI) control  control Weight
Sharrif 2013 —-0— 1.11 (0.81, 1.51)  92/937  84/937 92.62
Paciullo 2018 0.93(0.31,2.79) 4/71 21/347 7.38
Overall (I-squared = 0.0%, p = 0.762) <l 1.09 (0.81,1.47) 96/1008 105/1284 100.00
NOTE: Weights are from random effects analysis :

T * T

2 1 4

Outcome: TIA or Stroke

Events, Rhythm Events, Rate %

Study OR (95% CI) control control Weight
Tsadok 2012 - 0.86 (0.79,0.93)  928/16325 2705/41193 96.70
Sharrif 2013 —é—*— 1.08 (0.70, 1.66)  44/937 41/937 3.01
Wutzler 2015 : 0.79 (0.19,3.27)  3/10 33/94 0.28
Overall (I-squared = 0.0%, p = 0.597) @ 0.86 (0.80,0.93)  975/17272 2779/42224 100.00
NOTE: Weights are from random effects analysis :

T * T

oll 1 4

Fig.2 Meta-analysis (note: OR < 1 favors rhythm control). CI confidence interval, OR odds ratio, TIA transient ischemic attack
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One reason to prefer the use of AADs might be a greater
benefit in terms of symptom relief, which could improve
quality of life. Surprisingly, we found no analyses comparing
quality of life with rate versus rhythm control in adults aged
>65 years. Data in younger patients with AF also remain
unconvincing; one small RCT by Shelton et al. (n=61) and
the observational study RECORD-AF (n=2439) showed
only a minimal improvement in quality of life in the rhythm-
control arm [26, 27]. Furthermore, this improvement was not
confirmed in the two largest RCTs (n=716 in the AFFIRM
substudy; n =352 in the RACE substudy), which found no
significant differences between rate and rhythm control strat-
egies [28, 29]. This could be because the available AADs
were only moderately effective in maintaining sinus rhythm,
especially in older patients with structural heart disease, and
because any benefit might be offset by increased ADE rates
(e.g., atrioventricular block or anticholinergic side effects)
[30].

We believe the results of our review and analysis are valid
because of the clear inclusion and exclusion criteria. This
approach led to a well-defined patient population of interest.
Our analysis is also clinically relevant as AADs continue to
be used in the daily medical care of older patients. In addi-
tion, the risk of AAD-related ADEs is a concern as these
patients frequently have multiple chronic diseases and so
are at higher risk of polypharmacy and drug—drug interac-
tions [31].

The following limitations should be taken into account
regarding our findings. First, we acknowledge the limited
number of studies included. However, this is a striking result
when considering the high prevalence of AF in the studied
population. It is possible that more studies might have been
included by searching additional databases and languages.
Second, the included studies had high heterogeneity. Third,
our meta-analysis used only data from observational studies.
Fourth, our results indicated conflicting study data, espe-
cially regarding stroke risk. This made it very difficult to
estimate the overall effect size and precludes making gen-
eralized conclusions of our findings. Fifth, we developed
a review protocol before the review process, but it was not
registered in PROSPERO or a similar public platform.

Thus, more data on rate versus rhythm control therapy in
older populations are urgently needed. The available RCTs
on this subject clearly lack data from older patients and are
insufficiently representative of the real-world AF popula-
tion. Surprisingly, in the era of direct oral anticoagulants, no
recent study has been conducted on this topic. Future trials
in older patients with AF should primarily be conducted
with direct oral anticoagulants as the first-choice treatment
and should also aim for maximum anticoagulation compli-
ance. Improving the appropriate prescribing of oral antico-
agulants in older and frail populations will also be a chal-
lenge [32], but this would allow the safety and efficacy of

AADs versus rate control to be assessed on a background of
a reduced baseline risk for thromboembolic events.

5 Conclusion

Evidence was insufficient to support the use of either rhythm
or rate control as first-line therapy for AF in older adults.
Further research on this topic is necessary. Until then, drug
safety profiles and patient preferences should largely deter-
mine the treatment strategy used in older adults with AF.
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