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Abstract

Purpose of Review A number of recent observational analyses have assessed clinical outcomes associated with digoxin use in
patients with atrial fibrillation. In this review, we review these data and provide suggestions on the contemporary use of digoxin in
patients with atrial fibrillation as supported by the recent evidence.

Recent Findings Observational data from clinical trials and registries have provided variable results on the safety and efficacy of
chronic digoxin use in patients with atrial fibrillation. In general, results have been consistent with an associated increase in
adverse clinical outcomes with digoxin use in atrial fibrillation patients without heart failure. In atrial fibrillation patients with
heart failure, while the weight of evidence suggested an associated risk with digoxin therapy, the results are inconsistent.
Summary In patients with atrial fibrillation without heart failure, digoxin should generally be avoided. In atrial fibrillation
patients with heart failure, digoxin should generally be reserved for patients that do not achieve adequate rate control or are

not tolerant of other rate control therapies.

Keywords Digoxin - Atrial fibrillation

Introduction

Digoxin is a cardiac glycoside that inhibits the sodium-
potassium adenosine triphosphatase (ATPase), mainly in
cardiac tissue, and has been used as a therapeutic in pa-
tients with cardiovascular conditions for over 200 years.
Clinical indications for which digoxin is used include atrial
fibrillation and heart failure. While one large, randomized
controlled trial has been conducted assessing the safety and
efficacy of digoxin in ambulatory patients in normal sinus
rhythm with chronic heart failure [1], there are no random-
ized controlled trial data that have assessed the safety and

This article is part of the Topical Collection on Invasive
Electrophysiology and Pacing

b4 Jeffrey B. Washam
jeff.washam@duke.edu

Manesh R. Patel
manesh.patel @duke.edu

! Duke Heart Center, Duke University Medical Center, Box 3943,

Durham, NC 27710, USA

Division of Cardiology, Duke University School of Medicine, Duke
Clinical Research Institute, Duke Heart Center, Durham, NC, USA

efficacy of digoxin on clinical outcomes in patients with
atrial fibrillation (AF). Subsequently, a number of observa-
tional analyses have been published in recent years which
have assessed the association of digoxin use on clinical
outcomes in patients with AF.

The purpose of this review will be to present these data on
digoxin use and outcomes in patients with AF and to provide
suggestions regarding the contemporary use of digoxin as a
ventricular rate control agent in AF.

Guideline Recommendations for Digoxin
as a Ventricular Rate Control Agent

While the recent American Heart Association/American
College of Cardiology/Heart Rhythm Society Practice
Guidelines on AF state that digoxin is not usually a first-line
medication for ventricular rate control [2], observations from
contemporary clinical trials evaluating oral anticoagulant ther-
apies for stroke prevention in patients with AF have reported
baseline digoxin use in approximately one out of every three
patients, highlighting how commonly digoxin is prescribed for
ventricular rate control [3—5]. The Guidelines do provide favor-
able recommendations for chronic digoxin use in patients with
heart failure. The Guidelines give a Class I Recommendation
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(Level of Evidence (LOE): C) for digoxin being effective to
control resting heart rate in patients with heart failure with
reduced ejection fraction (HFrEF) and a Class Ila
Recommendation (LOE: B) for digoxin use in combination
with beta blockers (or non-dihydropyridine calcium channel
blocker in patients with heart failure with preserved ejection
fraction (HFpEF)) as a reasonable strategy to control resting
and exercise heart rate [2]. Lastly, the Guidelines provide a
Class I (LOE: B) Recommendation for intravenous digoxin to
control heart rate acutely in patients with heart failure [2].

Digoxin Use and Outcomes in Atrial
Fibrillation

Post hoc analyses of randomized clinical trials and registries
have been the primary sources of data on chronic digoxin use
and associated outcomes in patients with AF. A summary of
these data can be viewed in Tables 1 and 2.

Clinical Trial Observations on Digoxin Use
and Outcomes in Atrial Fibrillation

An initial post hoc analysis of the Atrial Fibrillation Follow-up
Investigation of Rhythm Management (AFFIRM) trial, which
randomized patients with AF to a rate or rhythm control strat-
egy, raised concern over the safety of digoxin use [20]. Results
from this initial analysis showed digoxin use was associated
with an increased risk of death (HR, 1.42 (1.09-1.86)).
Subsequently, two additional post hoc analyses of the
AFFIRM data each assessing digoxin use on clinical out-
comes were published [6, 7].

The first analysis, which analyzed digoxin using a time-
dependent treatment indicator, showed digoxin use to be as-
sociated with an increase in all-cause mortality, cardiovascular
mortality, and arrhythmic mortality [6]. The association of
digoxin use and all-cause mortality was observed in both pa-
tients with and those without heart failure. The second analy-
sis utilized propensity score matching as opposed to a time-
dependent treatment methodology based upon the reasoning
that time-dependent changes to digoxin were likely to have
not occurred randomly and it was likely that changes in di-
goxin were related to changing or worsening clinical condi-
tion [7]. The results of this analysis found that digoxin use was
not associated with an increase in mortality in the propensity-
matched cohort. In addition, baseline digoxin use was not
associated with all-cause mortality in either propensity-
matched patients with heart failure (adjusted HR, 1.08
(0.69—1.69)) or those without heart failure (adjusted HR,
1.08 (0.80-1.47)).

Observations on digoxin use and outcomes have been
published from several clinical trials comparing non-
vitamin K oral anticoagulants (NOACs) to warfarin for
stroke prevention in patients with AF. The first of these
was a post hoc analysis of the Stroke Prevention using an
Oral Thrombin Inhibitor in atrial Fibrillation (SPORTIF)
IIT and V trials which randomized patients with AF to war-
farin or ximelagatran [8]. After adjustment, digoxin use
was associated with an increased risk of all-cause mortality
(HR, 1.58 (1.29-1.94)).

More recently, observations from contemporary trials of
NOAGC:S vs. vitamin K antagonists have provided further evi-
dence assessing digoxin use and outcomes in patients with AF.
The first report came from the Rivaroxaban Once Daily Oral
Direct Factor Xa Inhibition Compare with Vitamin K

Table 1 Clinical trial observations on association of digoxin use and outcomes in atrial fibrillation
Study N (digoxin) at N (no digoxin) Adjusted HR Adjusted HR (95% Adjusted HR (95% CI) Adjusted HR (95% CI)
study entry (95% CI) CI) mortality in mortality in patients arrhythmic/sudden
mortality patients with HF without HF death
AFFIRM [6] 2153 1905 1.41 (1.19-1.67) 1.41 (1.09-1.84) 1.37 (1.05-1.79) 1.61 (1.12-2.30)
AFFIRM [7] 878 (digoxin 878 (no digoxin 1.06 (0.83-1.37) 1.08 (0.69-1.69) 1.08 (0.80-1.47) n/r
as initial as initial therapy
therapy) in propensity-
matched sample)
SPORTIF &V [8] 3911 3418 1.53 (1.22-1.92) n/r n/r nr
ROCKET AF [9] 5239 8932 1.17 (1.04-1.32) 1.23 (1.07-1.41) 1.19 (0.95-1.48) 1.36 (1.08-1.70)
ENGAGE TIMI-48 6327 14,778 1.22 (1.12-1.34) 1.27 (1.14-1.41) 1.10 (0.92-1.31) 1.49 (1.27-1.74)
[10]
ARISTOTLE 5824 12,073 1.09 (0.96-1.23) 1.04 (0.83-1.30) 1.16 (0.88-1.52) 1.27 (0.96-1.67)
[11]
RACE 11 [12] 284 324 0.41 (0.19-0.89) n/r n/r 1 event in digoxin

group vs. 5 events
in no digoxin group

HR hazard ratio, HF heart failure, n/r not reported

@ Springer



Curr Cardiol Rep (2018) 20: 105

Page3of 5 105

Table 2  Registry observations on association of digoxin use and outcomes in atrial fibrillation
Study N (digoxin) N (no digoxin) Adjusted HR ~ Adjusted HR (95% Adjusted HR (95% CI) Adjusted HR (95%
(95% CI) CI) mortality in mortality in patients CI) arthythmic or
mortality patients with HF without HF sudden death
RIKS-HIA [13] 4872 (without HF) 16,587 (without HF) n/a 1.00 (0.94-1.06) 1.42 (1.29-1.56) n/r
7758 (with HF) 9202 (with HF)
SCAF [14] 802 2022 1.10 n/r n/r n/r
(0.94-1.28)
Chao etal. [15] 38,898 168,678 1.12 n/r n/r n/r
(1.10-1.14)
TREAT-AF [16°] 28,679 93,786 1.26 1.29 (1.23-1.36) n/r n/r
(1.23-1.29)
ATRIA-CVRN 4231 (digoxin users 10,556 (digoxin n/a n/a 1.71 (1.52-1.93) n/r
[17] in propensity- nonusers in
matched cohort) propensity-
matched cohort)
ORBIT-AF [18] 2267 (prevalent 6671 n/r 1.04 (0.86-1.27) 1.22 (0.95-1.58) n/r
digoxin use) (prevalent use) (prevalent use)
681 (incident 1.05 (0.66-1.65) 1.99 (1.12-3.56)
digoxin use) (incident use) (incident use)
Pastori et al. [19] 171 644 222 446 (1.54-12.93)  4.06 (1.97-8.38) n/r
(1.42-3.48)

HR hazard ratio, HF heart failure, n/a not applicable, n/r not reported

Antagonism for Prevention of Stroke and Embolism (ROCKET
AF) trial [9]. At baseline, 37% of patients were receiving digox-
in. After adjustment, digoxin use was associated with an in-
crease in all-cause mortality (HR, 1.17 (1.04—1.32)) and sudden
death (HR, 1.36 (1.08-1.70)). In this analysis, the increase in all-
cause mortality associated with digoxin use was seen in both
patients with and patients without heart failure.

The association of digoxin use and outcomes observed in
the Effective Anticoagulation with Factor Xa Next Generation
in Atrial Fibrillation-Thrombolysis in Myocardial Infarction
48 (ENGAGE AF-TIMI 48) was subsequently published [10].
Outcomes in patients with and without heart failure were
assessed utilizing three statistical techniques including Cox
proportional hazards modeling, propensity matching, and in-
verse probability treatment weighting (IPTW). After propen-
sity matching, patients with heart failure, digoxin use was
associated with a significant increase in the risk for all-cause
death (HR, 1.31 (1.19-1.43)) and sudden cardiac death (HR,
1.58 (1.36-1.85)). In patients without heart failure, digoxin
use was not associated with a statistically significant increase
in all-cause death (HR, 1.16 (0.98-1.36)), although an in-
crease in sudden cardiac death associated with digoxin was
observed (HR, 1.90 (1.36-2.65)). Similar results for the out-
comes above were also observed using Cox proportional haz-
ards modeling and IPTW.

Most recently, clinical trial observations of digoxin use
from the Apixaban for Reduction in Stroke and Other
Thromboembolic Events in Atrial Fibrillation (ARISTOTLE)
trial have been published [11¢]. In this analysis, baseline use of
digoxin was not associated with an increased risk of all-cause
mortality (HR, 1.09 (0.96—1.23)). However, similar to

previous analyses of digoxin use in atrial fibrillation and heart
failure [21, 22], this analysis did show an associated increased
risk of mortality in digoxin users with higher serum concen-
trations (defined as > 1.2 ng/mL) (HR, 1.56 (1.20-2.04)). In
addition, patients who were started on digoxin during the con-
duct of the trial were observed to have an increased risk of
death and sudden cardiac death, and these results were ob-
served in both patients with and patients without heart failure.

Registry Observations of Digoxin Use
and Outcomes in Atrial Fibrillation

Data from large observational registries on the use of digoxin
and outcomes in patients with AF have also recently been
published with varying results. One of the initial registry re-
ports on digoxin use in AF came from the Registry of
Information and Knowledge about Swedish Heart Intensive
Care (RIKS-HIA) [13]. Notably, the cohort of patients in this
analysis was enrolled after admission to a coronary care unit in
Sweden and survived to hospital discharge. After 1 year of
follow-up, results showed that compared with patients not
receiving digoxin, digoxin use was associated with a higher
mortality rate in patients with AF without heart failure (RR,
1.42 (1.29-1.56)) while no significant association was ob-
served in AF patients with heart failure.

An analysis from the Stockholm Cohort study of Atrial
Fibrillation (SCAF) enrolled hospitalized patients (that sur-
vived to discharge) or outpatients that had received a diagno-
sis of AF or atrial flutter [14]. This analysis reported no asso-
ciation of digoxin use on adjusted risk for mortality in patients
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(HR, 1.10 (0.94-1.28)). In contrast, registry data from a large
national health registry in Taiwan compared outcomes in AF
patients receiving an agent for rate control to patients with
atrial fibrillation no receiving rate control treatments [15].
After adjustment, use of beta blocker and calcium channel
blocker therapy was associated with a lower risk of mortality
compared to patients not receiving rate control treatment
while digoxin use was associated with an increased risk of
mortality (HR, 1.12 (1.10-1.14)). Similar results were ob-
served in patients with and without heart failure.

An analysis from the contemporary US Outcomes Registry
for Better Informed Treatment of Atrial Fibrillation (ORBIT-
AF) showed in patients with heart failure that neither prevalent
nor incident digoxin use was associated with mortality [18].
However, this analysis did show an association between inci-
dent digoxin use and mortality in patients without heart failure
(HR, 1.99 (1.12-3.56)). Similar results were observed in pa-
tients with no previous heart failure or digoxin use in the
AnTicoagulation and Risk factors In Atrial fibrillation-
Cardiovascular Research Network (ATRIA-CVRN) study
[17]. Results from this analysis showed incident digoxin use
to be independently associated with a higher risk of death
(HR, 1.63 (1.56-1.71). In addition, among digoxin-treated
patients with a measured serum digoxin concentration, the
mean serum digoxin concentration was higher in patients
who died compared to those that did not die (1.15 vs.
0.94 ng/mL; p <0.001).

Lastly, the experience from the Retrospective Evaluation
and Assessment of Therapies in AF (TREAT-AF) study rep-
resents one of the largest observations to date [16¢]. This anal-
ysis included patients with newly diagnosed AF within
90 days seen in an outpatient setting. The results showed that
digoxin use was independently associated with mortality (HR,
1.26 (1.23—1.29)). Similar results were observed after propen-
sity matching and were not modified by heart failure status.

Summary of Evidence

Over the last 10 years, multiple observational analyses have
assessed the safety of digoxin in patients with heart failure
with varying results. Given the observational nature of these
data, there are inherent limitations including the lack of ran-
domization to digoxin therapy (aimed at reducing unmeasured
patient variables) and the lack of blinding, although some
analysis have done blinded adjudication of events.
Specifically, patients receiving digoxin were generally older
and had a higher burden of co-morbid medical conditions.
Therefore, in spite of the sophisticated statistical techniques
utilized in these analyses, residual confounding or confound-
ing by indication cannot be excluded. Lastly, most of the anal-
yses to date did not include data on the digoxin dose or serum
concentrations, thus, limiting the ability to assess the
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relationship between digoxin exposure and clinical outcomes
across the different analyses.

In light of the inconsistent results published to date, a sys-
tematic review with the aim to assess the association of digox-
in use on mortality in patients with AF was recently published
[23]. This review, which included 16 studies, reported digoxin
use was associated with an increase in all-cause mortality
(pooled HR, 1.27 (CI 1.19-1.36)) and the effect size was
larger in AF patients without heart failure (pooled HR, 1.47
(1.25-1.73)) than AF patients with heart failure (pooled HR,
1.21 (1.07-1.36)) (Pingeraction = 0.06).

Current Role for Digoxin in the Management
of Atrial Fibrillation

The most consistent finding in the observations to date has been
an association with digoxin use on adverse outcomes in AF
patients without heart failure while results have been more in-
consistent in patients with heart failure. In light of the current
evidence, we would suggest attempting to avoid digoxin use for
ventricular rate control in AF patients without heart failure un-
less patients are intolerant of other rate control agents. In patients
with heart failure (HFrEF), we would suggest limiting digoxin
use to those patients that do not achieve adequate rate control on
beta blocker therapy or are intolerant of beta blocker therapy. In
addition, when digoxin is used, careful attention should be paid
to appropriate dosing and monitoring. Furthermore, based on
the current evidence, we suggest targeting a lower serum digox-
in concentration (less than 1.0 ng/mL).

The evidence presented and discussed in this review have
largely been in ambulatory AF patients receiving chronic di-
goxin therapy. However, clinical questions regarding digoxin
therapy for acute heart rate control frequently occur. A recent
systematic review attempted to provide further insight into
digoxin therapy for acute ventricular rate control [24]. A total
of 28 trials, with a mean follow-up of 18 h were included.
Results showed digoxin to be superior to placebo for acute
ventricular rate control but inferior to beat blockers, calci-
um channel blockers, and amiodarone. Therefore, in pa-
tients with AF presenting with an indication for acute ven-
tricular rate control who are intolerant of other rate control
medications, digoxin therapy could be attempted. This
strategy is consistent with current Guideline recommenda-
tions for intravenous digoxin therapy for acute rate control
in patients with heart failure [2].

Conclusion

A number of observational analyses have been published over
the past decade assessing digoxin use and outcomes in patients
with AF. Results have been inconsistent in patients with heart
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failure and have generally associated digoxin use and with
adverse outcomes in patients without heart failure. Finally,
the current observations support targeting lower serum digoxin
concentrations in patients with AF. The limitations in the avail-
able data and the inconsistency in results highlight the need for
a randomized controlled trial to provide further clarity on the
role of digoxin in patients with atrial fibrillation.
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