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POINT COUNTERPOINT

Should Digoxin Continue To Be Used for
the Management of Atrial Fibrillation?

THE “PRO” SIDE

Cardiac glycosides—including digoxin—have been used for
centuries to treat patients with heart disease, including those with
atrial fibrillation.1 However, the role of digoxin in the management
of atrial fibrillation has recently been challenged, and its prominence
in consensus guidelines minimized.2 Yet, digoxin does have a role and
remains one of the treatment options, as an adjunct to a ß-blocker or
calcium-channel blocker, to control heart rate, especially in patients
with atrial fibrillation and heart failure with reduced ejection fraction
(HFrEF).2 The purpose of this article is to reaffirm digoxin’s position
as a treatment option for patients with atrial fibrillation.

Efficacy in Controlling Ventricular Response

Digoxin lowers the heart rate by enhancing vagal tone, which
leads to slowing of sinoatrial and atrioventricular nodal conduction
and thereby a reduction in heart rate.1 Additionally, digoxin 
increases baroreceptor sensitivity, leading to sympatholytic activity,
which may also contribute to the heart rate–slowing effects 
observed.1

An appropriately individualized dose of digoxin can yield 
effective heart rate control while minimizing adverse effects in 
patients with atrial fibrillation. To rapidly lower heart rate in these
patients, a weight-based loading dose (about 10 µg/kg) of digoxin
should be given.1 Digoxin has a large volume of distribution, but
distribution to the site of action (i.e., the heart) is prolonged, 
delaying the onset of activity and the peak effect on heart rate.1

Thus, the loading dose should be given in divided doses every 
6–8 h.1 Renal clearance accounts for the majority of digoxin’s
elimination, although it is also a substrate for P-glycoprotein,
which accounts for some nonrenal clearance.1 For patients whose
renal function is preserved, the half-life of digoxin is about 36 h,
but the half-life can be longer than 4 days in patients with severe
renal impairment.1 Although numerous dosing methods exist, all
require adjustments based on weight (specifically, ideal body
weight) and renal function, and the potential for drug–drug 
interactions (e.g., concomitant therapy with P-glycoprotein 
inhibitors) must also be accounted for in determining the dose of
digoxin.1 Typical maintenance doses of digoxin in patients with
atrial fibrillation range from 0.0625 to 0.25 mg daily.1 Failure to

account for one or more of the factors that influence digoxin dose
increases the likelihood of adverse effects and may explain, in part,
the observed associations between digoxin use and mortality risk.

Digoxin is most useful for heart rate control in patients with
atrial fibrillation and HFrEF, where it is typically given as an 
adjunct to concomitant ß-blocker therapy.2,3 In patients with atrial
fibrillation and HFrEF, digoxin is advantageous because, 
unlike other agents (e.g., ß-blockers, calcium-channel blockers),
it does not have negative inotropic effects, nor does it lower blood
pressure.2 Additionally, because digoxin enhances vagal tone, it
may have utility in controlling ventricular response in patients
with sedentary lifestyles. As monotherapy, digoxin effectively 
improves control but not variability of heart rate, in part because
it is less effective in controlling exercise-induced increases in heart
rate.3,4 The clinician can overcome heart rate variability and
achieve more effective control by combining digoxin with another
heart rate control agent.2-4

Digoxin Failing Clinicians/Patients, or 
Clinicians Failing Digoxin/Patients?

Poor understanding of digoxin’s limitations can lead to in-
appropriate use of this agent in patients with atrial fibrillation and
may explain, in part, recent reports of associations between
digoxin use and increased mortality.5,6 In the acute care setting,
the peak effect of digoxin is delayed by several hours (about 
3–6 h) because of the prolonged distribution phase and the 
required loading dose regimen (3 divided doses over 12–16 h).1,2

Given the availability of more rapid-acting therapies (ß-blockers
and calcium-channel blockers by IV administration), digoxin is
not optimal as monotherapy to rapidly reduce heart rate but can
be an effective adjunct to other therapies.2

Digoxin is relatively ineffective at controlling heart rate in
highly sympathetic states, such as exercise.3,4 In patients with atrial
fibrillation who exercise frequently or who have high sympathetic
tone (e.g., those with hyperthyroidism, critical illness), digoxin
monotherapy is not expected to be very effective as a heart 
rate control agent, a limitation that can be overcome through
combination therapy.2-4

Another limitation—one that is often overlooked by 
clinicians—is the relatively flat dose–effect relation for heart rate
control in atrial fibrillation.3,4 In one study, no significant differ-
ences in resting heart rate were observed between low-dose digoxin
(0.25 mg daily, mean serum digoxin concentration 0.81 ng/mL
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[conversion to SI units: 1 ng/mL = 1.281 nmol/L]) and high-dose
digoxin (0.5 mg daily, mean serum digoxin concentration 
1.71 ng/mL).4 Despite evidence to the contrary, clinicians often
inappropriately target higher serum digoxin concentration, 
incorrectly believing it will lead to better heart rate control, 
when in fact this strategy may increase the risk of adverse events,
including death.

Digoxin, Mortality Risk, and Serum Digoxin 
Concentration

Over the past decade, numerous studies have suggested that
digoxin use in patients with atrial fibrillation increases mortality
risk.5,6 A meta-analysis of 11 observational studies found that the
use of digoxin in patients with atrial fibrillation was associated
with a 17% higher risk of death than among those not treated
with digoxin.5 However, 2 additional meta-analyses yielded 
conflicting results regarding the association between digoxin and
mortality risk.6,7 Thus, associations between digoxin use and 
increased mortality are, at best, inconclusive.

Many of the digoxin–mortality analyses failed to account for
the influence of serum digoxin concentration on mortality.5-7 In
patients with HFrEF treated with digoxin, serum digoxin 
concentration below 1.0 ng/mL has been associated with reduced
mortality relative to placebo, whereas an increased mortality risk
has been observed at serum digoxin concentration of 1.0 ng/mL
or above.8 Most studies evaluating the use of digoxin in patients
with atrial fibrillation generally achieved serum digoxin concen-
tration of about 1.2 ng/mL, above the threshold associated with
increased mortality in patients with HFrEF. Indeed, the only
digoxin–mortality study that reported serum digoxin concentra-
tion found that patients who died had higher levels than survivors
(1.2 ng/mL versus 0.9 ng/mL, p < 0.001).9 Another study found
that patients with atrial fibrillation treated with the combination
of digoxin and dronedarone had higher cardiovascular mortality
than those treated with digoxin alone; serum digoxin concentra-
tions were significantly higher in the combination group 
(1.1 ng/mL versus 0.7 ng/mL, p < 0.0001).10 If an association 
between digoxin use and mortality risk exists, serum digoxin 
concentration is likely an important risk factor.

Conclusion

In appropriate patients (e.g., those with atrial fibrillation with
HFrEF) and at low doses (targeting serum digoxin concentration
< 1.0 ng/mL), digoxin is an effective heart rate control agent,
when given as an adjunct to other control therapies. However,
improper patient selection and the use of unnecessarily high doses
may lead to poor efficacy and increased risk of adverse events.
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THE “CON” SIDE

Digoxin has long been used for the management of various con-
ditions, including atrial fibrillation, but we would argue that it should
join the ranks of drugs such as reserpine, guanethidine, and bretylium,
which are no longer used because of a relative lack of efficacy and
concerns about safety.

Although digoxin has been used for hundreds of years, clinicians’
understanding of its effects, in particular its mechanism of action, has
evolved over time. It was once thought that digoxin was effective for
converting atrial fibrillation to sinus rhythm, maintaining sinus
rhythm, and preventing vagally mediated paroxysmal atrial 
fibrillation. However, it has been shown that digoxin is not effective
in any of these situations.1 Small observational trials and randomized
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controlled trials with short follow-up periods (days to weeks) have
demonstrated that digoxin decreases resting ventricular rate,2 yet rate
control is not the only goal of therapy for a patient with atrial 
fibrillation. In today’s management of atrial fibrillation, symptom
control and quality of life are important goals, and the impact of
digoxin on these end points is not well studied. Other problems that
limit digoxin’s usefulness are its slow onset of action in the acute 
scenario and its ineffectiveness in physically active individuals and
those with high sympathetic tone.

The 2014 atrial fibrillation guideline of the American College
of Cardiology, American Heart Association, and Heart Rhythm 
Society and the 2016 guideline of the Canadian Cardiovascular 
Society do not recommend digoxin as a first-line rate control agent.3,4

They acknowledge that although digoxin is commonly used, there
are only select patients in whom it will be effective. In addition to
lack of efficacy, the guidelines raise concern that digoxin may increase 
mortality, as seen in various retrospective analyses of randomized 
controlled trials and cohort studies. One example is the ATRIA-
CVRN study, a retrospective cohort study that included 14 787 adult
patients from the Kaiser Permanente California database who had a
diagnosis of atrial fibrillation but no heart failure with reduced ejection
fraction (HFrEF).5 The patients were matched for age, sex, and a
high-dimensional propensity score. Incident digoxin use was in -
dependently associated with increased mortality (8.3 versus 4.9 per
100 person-years, p < 0.001). A similar finding was shown in registry
data for 9619 patients with atrial fibrillation collected from 174 sites
in the United States.6That study found that incident digoxin use was
associated with subsequent death among patients who had atrial 
fibrillation but not HFrEF (propensity-adjusted hazard ratio [HR]
1.99, 95% confidence interval [CI] 1.12–3.56). 

A meta-analysis by Qureshi and others7 included data from 
retrospective analyses and observational trials published between 1997
and 2013. Using a random-effects model, the authors found a 27%
increase in risk of mortality for individuals who used digoxin relative
to those who did not (pooled HR 1.27, 95% CI 1.19–1.36,
p < 0.001).7 This association between digoxin and increased all-cause
mortality appeared to be more prominent for patients who had atrial
fibrillation without HFrEF (pooled HR 1.47, 95% CI 1.25–1.73, 
p < 0.001) than for patients having both atrial fibrillation and 
HFrEF (pooled HR 1.21, 95% CI 1.07–1.35, p = 0.002). Another
meta-analysis that included contemporary data (2008–2015) also
demonstrated that digoxin use was associated with a higher risk of
mortality for all patients with atrial fibrillation (HR 1.23, 95% CI
1.16–1.31, p < 0.00001), but when the data were stratified, the higher
risk was limited to patients who had atrial fibrillation without HFrEF
(HR 1.38, 95% CI 1.12–1.71, p = 0.003); it did not occur among
those with both atrial fibrillation and HFrEF (HR 1.08, 95% 
CI 0.99–1.18, p = 0.09).8

In one meta-analysis that examined the efficacy and safety of
digoxin in patients with HFrEF and/or atrial fibrillation, there was
no increase in mortality associated with digoxin use.9 However, this
conclusion was based upon an analysis that was limited to randomized

controlled trials (risk ratio [RR] 0.99, 95% CI 0.93–1.05), and these
trials did not include patients with atrial fibrillation who did not have
heart failure. In other analyses that did include such patients, there
was an increased risk of mortality in the digoxin group (for example,
RR 1.18, 95% CI 1.09–1.26, in propensity matched studies). 
The authors did not draw any conclusions regarding the effect 
of digoxin on mortality in patients with atrial fibrillation who do 
not have HFrEF.

There seems to be a strong signal that digoxin may be harmful
when used for rate control in patients with atrial fibrillation without
HFrEF. It should be noted that this information comes from retro-
spective analyses and observational data, not randomized controlled
trials. Consequently, it is important to recognize that some but 
not all confounders may be accounted for in either the propensity 
matching or risk adjustments that were used in the analyses. In 
addition, there is inherent bias, as it is not known why digoxin was
prescribed for these individuals. Despite these limitations, clinicians
should be concerned about using digoxin in this population. 
Although one might think that only a small number of patients will
receive digoxin, given that the guidelines relegate this agent to 
second-line or add-on therapy, it is used commonly. For example, in
some recent trials of stroke prevention involving patients with atrial
fibrillation, rates of digoxin use ranged from 29% to 39%.10,11

Another meta-analysis on this topic is being planned,12 but the
results will be subject to the limitations of the existing publications.
A randomized controlled trial on the effect of digoxin on all-cause
mortality in patients who have atrial fibrillation with or without
HFrEF (most urgently the latter) would provide better information.
The RATE-AF trial, a comparison of bisoprolol and digoxin as rate
control agents, is currently recruiting participants, and results are 
expected in 2019.13 Although this trial will provide some 
information on a variety of efficacy-related end points (e.g., SF-36
measured quality of life, 6-min walk test, heart rate), it is unlikely to
provide information on mortality because of its small sample size 
(160 participants). Furthermore, an adequately sized trial is unlikely
to be performed, for several reasons: the challenge of participant 
recruitment when there is a potential for harm, the large sample size
required when mortality is an end point, and the need to secure 
funding for such a trial. Given this reality, clinicians need to act on
the information available. With a lack of efficacy data and concerns
about safety, particularly among patients without HFrEF, we assert
that digoxin should be added to the list of “DO NOT USE” drugs. 
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Autumn leaves
London, Ontario

This issue’s cover photo-
graph was taken by Linda
Hooper, using an iPhone
5, during her walk home
from the London Health
Sciences Centre, where
she is a Drug Information
Pharmacist with LonDIS.

“Being from Northern Ontario, I have a deep appreciation
for fall colours. When the weather permits, I enjoy the 
opportunity to walk. It allows me the chance to either prepare
for the day ahead or reflect on the day that's just passed. The
walk during which I took this photograph was very satisfying,
even if the route was a bit longer than usual.”

The CJHP would be pleased to consider photographs featuring
Canadian scenery taken by CSHP members for use on the 
front cover of the Journal. If you would like to submit a photograph,
please send an electronic copy (minimum resolution 300 dpi) to 
publications@cshp.ca.
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