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There are conflicting data regarding the effect of digoxin use on mortality in patients with atrial fibrillation (AF) or with congestive heart failure
(CHF). The aim of this meta-analysis was to provide detailed analysis of the currently available study reports. We performed a MEDLINE and a
COCHRANE search (1993—2014) of the English literature dealing with the effects of digoxin on all-cause-mortality in subjects with AF or CHF.
Only full-sized articles published in peer-reviewed journals were considered for this meta-analysis. A total of 19 reports were identified. Nine
reports dealt with AF patients, seven with patients suffering from CHF, and three with both clinical conditions. Based on the analysis of adjusted
mortality results of all 19 studies comprising 326 426 patients, digoxin use was associated with an increased relative risk of all-cause mortality
[Hazard ratio (HR) 1.21, 95% confidence interval (Cl), 1.07 to 1.38, P < 0.01]. Compared with subjects not receiving glycosides, digoxin was
associated with a 29% increased mortality risk (HR 1.29; 95% Cl, 1.21 to 1.39) in the subgroup of publications comprising 235 047 AF patients.
Among 91.379 heart failure patients, digoxin-associated mortality risk increased by 14% (HR 1.14, 95% Cl, 1.06 to 1.22). The present systematic
review and meta-analysis of all available data sources suggest that digoxin use is associated with an increased mortality risk, particularly among
patients suffering from AF.
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Clinical perspective

This systematic review and meta-analysis of the current literature indicates that digoxin therapy is associated with increased mortality in
patients treated for atrial fibrillation or for heart failure. Our data call for randomized trials of dose-adjusted digoxin therapy in these two
clinical entities under contemporary conditions.

IntrOdUCtion regular measurements of serum digoxin levels. A series of recent
studies have cast serious doubt on the benefit of digoxin when
added to contemporary heart failure treatment.®="® In fact, some

observations have indicated that digoxin may have a negative effect

Digoxin has been introduced in clinical practice more than 200 years
ago. The two main indications for its use are the treatment of symp-

tomatic heart failure in patients with impaired left-ventricular func-
tion and rate control in patients with atrial fibrillation (AF). The
scientific evidence with respect to digoxin’s effects on heart failure
is mainly based on two withdrawal studies’? and one large rando-
mized placebo-controlled trial (DIG**). With regards to the
second indication, rate control in AF, there is not a randomized
placebo-controlled study yielding supportive data. Nevertheless,
both indications are endorsed by recent guideline recommenda-
tions.”~” However, it is well appreciated that digoxin has a narrow
therapeutic window in part related to significant drug—drug interac-
tions and may cause harm if not carefully administered including

on mortality.®'*72? In the light of such conflicting data, a systematic
review of published data appears to be timely and may provide the
best way to estimate the effectiveness and safety of digoxin therapy
and to identify patient populations which are less likely to benefit.

Methods

Study selection

A comprehensive MEDLINE and COCHRANE search was conducted
from 1993 (the publication year of the digoxin withdrawal trials") to
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November 2014 of the English literature dealing with the effects of
digoxin on all-cause-mortality in patients with AF or congestive heart
failure (CHF). In order to identify and retrieve all potentially relevant arti-
cles regarding this topic, the search was performed utilizing the terms
‘digoxin’, ‘mortality’, ‘chronic heart failure’, and ‘atrial fibrillation’. An add-
itional search was also performed using the names of the 10 authors most
frequently cited in narrative reviews on this subject and bibliographies of
the most recent narrative review articles.

Potentially relevantarticles were evaluated by two experienced, inde-
pendent reviewers, and additional manuscripts were retrieved that
either reviewer felt were potentially relevant. Any disagreement was
subsequently resolved by all authors of this meta-analysis. Additional
publications were identified using the reference lists of selected manu-
scripts. Only full-size articles of English language published in peer-
reviewed journals were considered for this meta-analysis. Randomized
controlled trials, case—control studies, or cohort studies were eligible
for this meta-analysis if the following requirements, prospectively
defined by our review protocol,”>** were met:

(i) inclusion of AF or heart failure patient populations;
(i) reportofadjusted results of effects of digoxin on all-cause-mortality
(as the primary or secondary study outcome measure);
(i) effect sizes provided as hazard ratios (HR).

Studies reporting only composite endpoints but no specific data on all-
cause mortality or dealing with different patient populations were not
considered.

Methodological quality of all studies was assessed using the Methodo-
logical Index for Non-Randomized Studies (MINORS).> A score
system with a maximum value of 24 points (each item to be scored
from O to 2) was used regarding the following aspects: aim of the
study, inclusion of consecutive patients, prospective data collection, ap-
propriate endpoint to the aim of the study, unbiased evaluation of end-
points, follow-up period appropriate to the endpoint, loss to follow-up
no more than 5%, comparable control group, contemporary groups,
baseline equivalence of groups, prospective calculation of the sample
size, use of adequate statistical analysis. After both reviewers independ-
ently scored the selected publications, the average MINORS score was
used for final assessment. Studies were defined to be low-quality and
high-quality studies based on their MINORS scores of <16 and >16
points.zs'26

Statistical analysis

All statistical analyses were conducted utilizing Comprehensive
Meta-Analysis 3.3 (Biostat, Inc., USA). Heterogeneity between individual
trial estimates was assessed using the Q statistic and I statistic.”” The prin-
cipal measurement of effect size (i.e. all-cause mortality) was the HR along
with the 95% upperand lower confidence intervals (Cl). All selected non-
randomized studies provided risk assessments which had been adjusted
for important baseline clinical variables with different types of statistical
methods (mostly Cox regression analysis or propensity-matched ana-
lysis). The random-effect model.?®*? was used to calculate HR for the
overall effect and for the two subgroups (AF, heart failure) in this
meta-analysis. A forest plot was constructed showing the individual
trials with the pooled estimates. Publication bias was assessed using the
funnel plot, the trim and fill method of Duval and Tweedie,?’ and an
adjusted rank-correlation test according to Begg and Mazumdar.*® Sensi-
tivity analyses including only publications reporting separate data for
patient subsets suffering from AF or CHF, respectively, and studies pro-
viding data on the daily digoxin dose and/or the mean digoxin plasma
levels were performed.

Results

Selection of studies

From atotal of 1524 studies initially identified, 25 matched our search
criteria. Additional six trials were excluded because they consisted of
reports based on the same original trial database (i.e. post-hocanalyses
of DIG*'3* and AFFIRM?*>3 studies). This yielded a total of 19
studies which were selected for the present analysis (Figure 7). The
individual trial characteristics are given in Table 1. Digoxin use was
defined as use at baseline or as a time varying covariate.>” Nine

9,14-16,18,20,21,38,39
F and seven

34,10-1322

studies comprised patients with A
comprised patients with CHF (in sinus rhythm or in AF).
The remaining three studies reported separate data for patients suffer-
ing from both conditions.®"”"? The primary inclusion criterion for the
study by Chao etal."’ consisted of the diagnosis of AF. Hence, this study
was initially included in the meta-analysis as an AF study although end-
point results were available for the overall patient group as well as for
the patient subset with AF only and heart failure only.

Accordingly, this meta-analysis comprises data from 235 047 AF
patients and 91 379 patients with heart failure. Patients were fol-
lowed between 0.83 and 4.7 years (average observation period
2.57 + 1.13 years) in the individual studies. Of all identified studies,
only one (and its ancillary publication) was a randomized controlled
clinical trial,>* whereas the remainder of studies was retrospective or
prospective observational studies (Table 7). All included reports
were assessed as high-quality publications (average MINORS score:
19.7 + 1.6)

There were significant differences in treatment effects between
individual studies indicated by the statistical test for heterogeneity
(Q=153.5, P < 0.01, T = 0.008, I> = 85.7%).*” According to the
rank correlation test of Begg and Mazumdar,*® there was no evidence
of significant publication bias (Tau = 0.087, P = 0.28). Furthermore,
corresponding to the Duval and Tweedie’s trim and fill input
method,” there was no evidence that publication bias would
impact on the overall effect size observed (HR 1.214 vs. HR 1.208)
(Figure 2).

1524 references initially
identified

1499 references excluded
(review articles, published
abstracts, no data on all-cause

| mortality provided)

25 potentially relevant studies
identified

6 reports excluded due to
multiple analyses of identical
trial databases (i.e. DIG and
L AFFIRM)

19 studies included in the
meta-analysis

VAN

9 studies 7 studies 3 studies
concerning concerning concerning
AF patients | | CHF patients | | AF+CHF patients

Figure | Flow diagram of the literature search and study
selection.
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Table | Publications included in the meta-analysis
Study, Year Subgroup Patient Design Digoxin use defined as Subjects Follow-up Quality
cohort Tol Digaxin 06 (MINORS
Hallberg (RIKS-HIA), 2007° AF AF Prospective registry study Baseline use 21459 4872 1 High (17.5)
Gjesdal (SPORTIF IlI, V), 2008 AF Post-hoc analysis of RCT Baseline use 7329 391 1.55-1.64 High (20)
Friberg (SCAF), 2010° AF Prospective registry study Baseline use 2824 802 47 High (19)
Whitback (AFFIRM), 2012"° AF Post-hoc analysis of RCT Time-varying covariate 4060 2816 35 High (20.5)
Turakhia (TREAT-AF), 2014'® AF Analysis of administrative database Baseline use and time-varying 122465 28679 29 High (19)
covariate
Shah, 2014"7 AF AF Retrospective population-based cohort study ~ Baseline use 46262 23131 3.0-42 High (18.5)
Gamst, 20148 AF Retrospective population-based cohort study  Baseline use 8880 3622 1 High (18)
Chao, 2014"° AF Analysis of administrative database Baseline use 4781 829 426 High (18)
Rodriguez-Manero (AFBAR), 201438 AF Prospective registry study Baseline use 777 270 29 High (19.5)
Mulder (RACE Il), 2014*° AF Post-hoc analysis of RCT Baseline use 608 284 29 High (21)
Freeman (ATRIA-CVRN), 2014%° AF Retrospective population-based cohort study ~ Baseline use and time-varying 14787 4231 1.17 High (20)
covariate
Pastori, 20152’ AF Prospective observational study Baseline use 815 171 2.73 High (19.5)
Garg (DIG), 1997° CHF (SR) RCT Baseline use 6800 3397 3.04 High (23.5)
Domanski (SOLVD), 2005 Men CHF (SR/AF) Post-hoc analysis of RCT Baseline use 6797 2244 34 High (20)
Domanski (SOLVD), 2005 Women CHF (SR/AF) Baseline use
Ahmed (DIG Ancillary), 2006* CHF (SR) RCT Baseline use 988 492 30 High (23)
Hallberg (RIKS-HIA), 2007° CHF - SR CHF (SR) Prospective registry study Baseline use 22 345 3796 1 High (17.5)
Hallberg (RIKS-HIA), 2007° CHF - AF CHF (AF) Baseline use 16 960 7758
Fauchier, 2008'° CHF (AF) Prospective registry study Baseline use 1269 591 2.4 High (19)
Dhaliwal, 2008" CHF (SR/AF) Retrospective population-based cohort study  Baseline use 347 155 0.83 High (17)
Butler (Val-HeFT), 2010"2 CHF (SR/AF) Post-hoc analysis of RCT Baseline use 5010 3374 19 High (20.5)
Freeman, 2013" CHF (SR/AF) Analysis of administrative database Baseline use and time-varying 2891 529 2.5 High (18.5)
covariate
Shah, 2014"7 CHF CHF (AF) Retrospective population-based cohort study ~ Baseline use 27972 13986 3.0-43 High (18.5)

AF, atrial fibrillation; CHF, congestive heart failure.
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Effects of digoxin on all-cause mortality

Mortality risks were reported in all selected studies after adjustment
forimportant baseline variables for a total of 326.426 patients. Based
on the analysis of all 19 trials, digoxin use was associated with an
overall 21% increased relative risk of all-cause mortality compared
with patients not receiving this medication (HR 1.21, 95% Cl, 1.07
to 1.38, P < 0.01) (Figure 3).
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Figure 2 Funnel plot of publications included in the
meta-analysis.
Study Patient cohort Statistics
"f:t":;d 95%
Hallberg (RIKS-HIA), 2007 - AF AF 142 1,29
Gjesdal (SPORTIF lll, V), 2008 AF 158 121
Friberg (SCAF), 2009 AF 1,10 0,94
Whitback (AFFIRM), 2012 AF 141 1,19
Turakhia (TREAT-AF), 2014 AF 121 1,17
Shah, 2014 - AF AF 1,17 1,15
Gamst, 2014 AF 1,15 1,08
Chao, 2014 AF 121 1,01
Rodriguez-Manero (AFBAR), 2014 AF 142 077
Mulder (RACE II), 2014 AF 041 0,19
Freeman (ATRIA-CVRN), 2014 AF 1,711 1,52
Pastori, 2015 AF 2,22 1,42
Total AF 1,29 1,21
Garg (DIG), 1897 CHF 099 091
Domanski (SOLVD), 2005 - Men CHF 142 1,26
Domanski (SOLVD), 2005 - Women CHF 1,36 1,03
Ahmed (DIG Ancillary), 2006 CHF 0,99 0,76
Hallberg (RIKS-HIA), 2007 - CHF/SR CHF 111 1,04
Hallberg (RIKS-HIA), 2007 - CHF/AF CHF 1,00 094
Fauchier, 2008 CHF 0,99 0,77
Dhaliwal, 2008 CHF 1,11 081
Butler (Val-HeFT), 2010 CHF 1,28 1,05
Freeman, 2013 CHF 1,72 1,25
Shah, 2014 - CHF CHF 1,14 1,11
Total CHF 1,14 1,06
Overall AF, CHF 1,21 1,07

A total of 235 047 AF patients were included in 12 studies with a
range between 608 and 122 465 patients per study. For this sub-
group of patients, treatment with digoxin was associated with an
increased mortality risk of 29% when compared with AF patients
not receiving digoxin (HR 1.29, 95% CI, 1.21 to 1.39, P < 0.01)
(Figure. 3). Weincluded the AFFIRM post-hoc analysis by Whitback™®
in this set of studies; however, we repeated the analysis after substi-
tuting this study by the one of Gheorgiade et al.® which used the
same database but a different analysis methodology.?” The HR for
digoxin-associated mortality risk remained similarly elevated (HR
1.27,95% Cl 1.18 to 1.36, P < 0.01) (see Supplementary material
online, Figure ST1).

Nine studies comprised 91 379 subjects with heart failure. In this
patient population, digoxin use was again associated with a higher
risk for all-cause mortality compared with individuals not treated
by cardiac glycosides (HR 1.14, 95% CI, 1.06 to 1.22, P < 0.01)
(Figure 3).

Analysis of studies comprising subsets
of patients with atrial fibrillation and
congestive heart failure

Three large studies comprising a total of 117 434 patients reported
all-cause mortality data for subsets of patients with AF and with

Hazard ratio and 95% Cl

Cl p-Value
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Figure 3 Forest plot of studies describing the effects of digoxin on mortality, both for studies in atrial fibrillation and congestive heart failure. Data

had been adjusted for potential confounders in the various studies.
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Study Patient cohort Patients Statistics Hazard ratio and 95% CI

H?:tai:;d 95% ClI p-Value
Hallberg (RIKS-HIA), 2007 - AF AF 21459 142 129 156 0,00 -
Shah, 2014 - AF AF 46262 1,17 1,15 120 0,00 ||
Chao, 2014 - AF AF 4260 1,28 105 157 0,02 —a—
Total AF 1,28 1,12 1,46 <0,01 B
Hallberg (RIKS-HIA), 2007 - CHF (AF)  CHF 16960 1,00 0,94 1,06 1,00 N
Shah, 2014 - CHF CHF 27972 1,14 1,11 1,17 0,00 [ |
Chao, 2014 - CHF CHF 521 088 062 123 045 I
Total CHF 1,056 091 1,20 0,52 ’

0.5 1 2

Digoxin better Digoxin worse

Figure 4 Forest plot of three large studies reporting data on patient populations with atrial fibrillation (upper half) and congestive heart failure
(lower half) relying on the same databases and applying identical analytic methodology.

Table 2 Publications reporting data on digoxin dosing and/or plasma levels

Study, Year Patient cohort  Patient number  Mean digoxin dose (mg) Mean serum digoxin concentration
(ng/mL)
Mulder (RACE Il), 2014*° AF 608 0.250 No data
Freeman (ATRIA-CVRN), 2014%°  AF 14787 0.164 0.96 (available for 69% of all patients)
Pastori, 2015>' AF 815 0.126 No data
Garg (DIG), 1997° CHF (SR) 6800 0.244 08
Ahmed (DIG Ancillary), 2006* CHF (SR) 988 0.235 No data
Freeman, 2013"3 CHF (SR/AF) 2891 0.150 1.02 (available for 70% of all patients)
AF, atrial fibrillation; CHF, congestive heart failure.
CHF2""? In the respective studies, data sources were identical for Discussion
the two patient subsets and the same analysis methodology was
applied. As shown in Figure 4, there was a substantial increase in the Main findings

digoxin-associated risk of death in all three studies for patients with
AF (HR 1.28, 95% ClI, 112 to 1.46, P < 0.01). The estimated
pooled mortality risk for all three patient samples with CHF revealed
no significant increase in those subjects who were receiving digoxin
(HR 1.05,95% CI, 0.91 to 1.20, P = 0.52).

Analysis of studies providing data on
digoxin dosing and/or plasma levels

Six of the 19 studies®*'3203?
and/or the mean digoxin plasma levels (Table 2). A sensitivity analysis
of these studies revealed a similar HR (1.26, 95% Cl, 0.91 to 1.74;
Figure 5) as the analysis of all 19 studies, although this was no more

reported data on the daily digoxin dose

statistically significant despite the inclusion of almost 27 000 patients.

Only three studies>'>*°

(Table 2).

reported data on digoxin plasma levels

The present meta-analysis on the effects of digoxin on all-cause mor-
tality is to the best of our knowledge the largest one published today.
It is based on 19 published studies comprising data from more than
300000 patients suffering from AF or CHF. Our results indicate
that digoxin therapy is associated with an increased mortality risk
in these patients, particularly in those treated for AF.

Prior studies

There is only one randomized controlled trial of digoxin in patients
with a left-ventricular ejection fraction of <0.45 and sinus rhythm,
the so-called DIG-trial.® Digoxin was administered in 3397 patients
and matching placebo in 3403 in addition to diuretics and
ACE-inhibitors. After an average follow-up of 37 months, digoxin
did not reduce mortality in comparison to placebo (34.8 vs. 35.1%)
but reduced the rate for hospitalization due to heart failure. For
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Study Patients Digoxin Statistics Hazard ratio and 95% CI
dose (mg)
Hazard g50. ¢ p-Value
ratio

Garg (DIG), 1997 6800 0,244 099 091 107 081
Ahmed (DIG Ancillary), 2006 988 0,235 099 076 128 0,94
Freeman, 2013 2891 0,150 1,72 1,25 2,36 0,00 -
Mulder (RACE II), 2014 608 0,250 041 019 088 0,02 i
Freeman (ATRIA-CVRN), 2014 14787 0,164 1,71 1,52 193 0,00
Pastori, 2015 815 0,126 222 142 348 0,00 L
Total 1,26 091 1,74 0,16 -P

0.2 05 1 2 5

Digoxin better Digoxin worse

Figure 5 Sensitivity analysis of six studies which provided data on digoxin dosing.

the indication of rate control in AF, there is a complete lack of con-
trolled randomized studies. Based on the DIG trial, digoxinis current-
ly recommended in the ESCand the US guidelines on heart failureasa
class Ilb, level B, or class lla, level B, for consideration in patients with
reduced LVEF in sinus rhythm to reduce the risk of hospitalization.>”
The ESC guidelines on AF recommend digoxin for rate control in
patients with heart failure and LV dysfunction (lla, level C).° In
essence, these recommendations reflect the highly unsatisfactory
data basis on which to judge the supposed benefits of digoxin.*

Since the publication of the DIG trial, several uncontrolled retro-

12-2022 821,38 . .
observational studies have

spective and prospective
raised serious concerns as to the safety of digoxin therapy for AF
or for CHF. For instance, the largest of all studies, the retrospective
TREAT-AF study, reported data from 122 465 patients with newly
diagnosed non-valvular AF."® Digoxin use was independently asso-
ciated with mortality after multivariate adjustment and after careful
propensity matching. Others have reported similar findings from
studies conducted in patients with CHF.">"7

The present meta-analysis provides further evidence for a harmful
effect of digoxin on mortality. Utilizing data from all studies published
over the last two decades and reporting data on all-cause mortality, it
demonstrates an increase in the relative risk of dying of 21% in sub-
jects treated with cardiac glycosides compared with patients not re-
ceiving digoxin. Importantly, all studies reported data which were
carefully adjusted for potential confounders. The increase in risk
seemed to be more pronounced in patients who were treated with
digoxin for rate control in AF (HR 1.29, 95% CI 1.21 to 1.39) than
in patients treated for CHF (HR 1.14, 95% Cl 1.06 to 1.22). This dif-
ferential effect was similarly evident when the three large studies
reporting on AF and on heart failure populations based on identical
methodology were examined separately. Digoxin therapy in AF
carried a HR of 1.28 (95% Cl, 1.12 to 1.46) compared with a HR of
1.05 (95% Cl, 0.91 to 1.20) in heart failure. As to potential explana-
tions for these seemingly disparate effect sizes, positive effects of gly-

cosides on haemodynamics (increased cardiac output, decreased

pulmonary wedge pressure) or neurohumoral mechanisms (vagomi-
metic action, improved baroreceptor sensitivity, decreased activa-
tion of the renin—angiotensin system, etc.)*’ may yield some
overall positive effects in heart failure patients while such effects
are unlikely to play a role in the treatment of AF. In this clinical con-
dition, unwanted electrophysiological effects resulting in the occur-
rence of brady- or tachyarrhythmias may be operational without
any beneficial haemodynamic digoxin effects.

Potential mechanisms of
digoxin-associated mortality increase

It is well appreciated that digoxin has a narrow therapeutic window.
Maintaining strict serum levels is therefore essential. In fact, Rathore

etal®

could demonstrate in a post-hoc analysis of the DIG trial that
higher serum digoxin levels (defined as > 1.2 ng/mL) were significant-
ly associated with increased mortality whereas at lower plasma con-
centrations there seemed to be clinical benefit. Other potentially
detrimental digoxin effects, particularly in AF, include digoxin-
mediated increase in vagal tone, reduced AV-node conduction, and
shortening of atrial refractory periods; all of these effects may
render the atrium more susceptible to AF. Digoxin has been found
to be associated with doubling of relapses of AF following cardiover-
sion.*? Finally, digoxin may provoke paroxysmal atrial tachycardias,
ventricular tachyarrhythmias including fascicular or bi-directional
ventricular tachycardia or torsade de pointes tachycardia, and
serious bradyarrhythmias including high-degree AV block, particular-
ly when electrolyte disorders are present.*® These proarrhythmic
effects of glycosides may be caused or further accentuated by signifi-
cant drug—drug interactions, for instance with antiarrhythmic drugs
such asamiodarone or quinidine.** This is exemplified in a recent ran-
domized trial of dronedarone in patients with AF.** This trial was
stopped prematurely because of excess mortality in the dronedar-
one compared with the control arm. In a post-hoc analysis, it
could be demonstrated that 11 out of 13 arrhythmic deaths in the
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dronedarone arm occurred in patients who simultaneously received
digoxin. The most likely explanation for this is the drug—drug inter-
action between dronedarone and digoxin at the level of the
P-glycoprotein transport system which resulted in significantly
elevated serum digoxin levels in patients who died.

Limitations

This meta-analysis is subject to all potential limitations of this kind of
analysis. We did not have access to individual patient data from all
studies reviewed and had to rely on published information. All
identified studies used contemporary sophisticated statistical adjust-
ments to counteract potential confounding but residual confounding
cannotbe completely excluded.* However, the large number of data
sets obtained in more than 300 000 patients and the internal consist-
ency of findings emphasize the validity of this meta-analysis. Finally,
only a few studies provided data on digoxin dose or plasma levels
but no relationship of mortality and such data was reported except

in the publication of Rathore et al®

However, the majority of the
articles on digoxin therapy are based on data from contemporary
studies during which the importance of daily digoxin dose and low

target plasma levels was already appreciated.

Conclusions

This meta-analysis of the contemporary literature indicates that
digoxin therapy particularly without proper serum level control is
associated with an increased mortality risk in patients with AF and
with CHF. Our sensitivity analysis, however, suggests negative
effects of digoxin particularly in the AF population but somewhat
less unfavourable effects in the CHF population. Coupled with the
notion emphasized by Rathore et al,* this calls for randomized
trials of dose-adjusted digoxin therapy at least in CHF patients.
Until such proper randomized controlled trials are being completed,
digoxin should be used with great caution (including monitoring
plasma levels), particularly when administered for rate control in AF.

Supplementary material

Supplementary Material is available at European Heart Journal online.

Conflict of interest: |.W.E. has nothing to disclose. S.H.H. reports
receiving consulting fees from Bayer Healthcare, Boehringer Ingel-
heim, Gilead, J&J, Medtronic, Pfizer, St Jude Medical, Sanofi-Aventis;
and lecture fees from Boehringer Ingelheim, Bayer Healthcare,
Bristol-Myers Squibb, Pfizer, St Jude Medical, Sanofi-Aventis, and
Cardiome, outside the submitted work. M.V. reports non-financial
support from Twinmed Kft./ Boston Scientific and from Medtronic
Hungaria Kft., outside the submitted work.

References

1. Uretsky BF, Young JB, Shahidi FE, Yellen LG, Harrison MC, Jolly MK. Randomized
study assessing the effect of digoxin withdrawal in patients with mild to moderate
chronic congestive heart failure: results of the PROVED trial. PROVED Investigative
Group. /] Am Coll Cardiol 1993;22:955-962.

2. Packer M, Gheorghiade M, Young]B, Costantini PJ, Adams KF, Cody R}, Smith LK, Van
VoorheesL, Gourley LA, Jolly MK. Withdrawal of digoxin from patients with chronic
heart failure treated with angiotensin-converting-enzyme inhibitors. RADIANCE
Study. N Engl ] Med 1993;329:1-7.

3. GargR, Gorlin R, Smith T, Yusuf S, The Digitalis Investigation Group. The effect of
digoxin on mortality and morbidity in patients with heart failure. N Engl | Med
1997;336:525-533.

4. Ahmed A, Rich MW, FlegL, Zile MR, Young B, Kitzman DW, Love TE, Aronow WS,
Adams KF Jr, Gheorghiade M. Effects of digoxin on morbidity and mortality in diastol-
ic heart failure: the ancillary digitalis investigation group trial. Circulation 2006;114:
397-403.

5. McMurray JJ, Adamopoulos S, Anker SD, Auricchio A, Bohm M, Dickstein K, Falk V,
Filippatos G, Fonseca C, Gomez-Sanchez MA, Jaarsma T, Keber L, Lip GY,
Maggioni AP, Parkhomenko A, Pieske BM, Popescu BA, Rgnnevik PK, Rutten FH,
Schwitter J, Seferovic P, Stepinska J, Trindade PT, Voors AA, Zannad F, Zeiher A,
Task Force for the Diagnosis and Treatment of Acute and Chronic Heart Failure
2012 of the European Society of Cardiology, Bax JJ, Baumgartner H, Ceconi C,
Dean V, Deaton C, Fagard R, Funck-Brentano C, Hasdai D, Hoes A, Kirchhof P,
Knuuti J, Kolh P, McDonagh T, Moulin C, Popescu BA, Reiner Z, Sechtem U,
Sirnes PA, Tendera M, Torbicki A, Vahanian A, Windecker S, McDonagh T,
Sechtem U, Bonet LA, Avraamides P, Ben Lamin HA, Brignole M, Coca A,
Cowburn P, Dargie H, Elliott P, Flachskampf FA, Guida GF, Hardman S, lung B,
Merkely B, Mueller C, Nanas JN, Nielsen OW, Orn S, Parissis JT, Ponikowski P,
ESC Committee for Practice Guidelines. ESC guidelines for the diagnosis and treat-
ment of acute and chronic heart failure 2012: The Task Force for the Diagnosis and
Treatment of Acute and Chronic Heart Failure 2012 of the European Society of Car-
diology. Developed in collaboration with the Heart Failure Association (HFA) of the
ESC. Eur | Heart Fail 2012;14:803—869.

6. Camm A, Lip GY, De Caterina R, Savelieva |, Atar D, Hohnloser SH, Hindricks G,
Kirchhof P, ESC Committee for Practice Guidelines-CPG; Document Reviewers.
2012 focused update of the ESC Guidelines for the management of atrial fibrillation:
an update of the 2010 ESC Guidelines for the management of atrial
fibrillation--developed with the special contribution of the European Heart
Rhythm Association. Europace 2012;14:1385—1413.

7. Yancy CW, Jessup M, Bozkurt B, Butler J, Casey DE Jr, Drazner MH, Fonarow GC,
Geraci SA, Horwich T, Januzzi JL, Johnson MR, Kasper EK, Levy WC, Masoudi FA,
McBride PE, McMurray JJ, Mitchell JE, Peterson PN, Riegel B, Sam F,
Stevenson LW, Tang WH, Tsai EJ, Wilkoff BL, American College of Cardiology Foun-
dation; American Heart Association Task Force on Practice Guidelines. 2013 ACCF/
AHA guideline for the management of heart failure: areport of the American College
of Cardiology Foundation/American Heart Association Task Force on Practice
Guidelines. ] Am Coll Cardiol 2013;62:147 —e239.

8. HallbergP, Lindback], Lindahl B, Stenestrand U, Melhus H, RIKS-HIA group. Digoxin
and mortality in atrial fibrillation: a prospective cohort study. Eur | Clin Pharmacol
2007;63:959-971.

9. Friberg L, Hammar N, Rosenqvist M. Digoxin in atrial fibrillation: report from the
Stockholm Cohort study of Atrial Fibrillation (SCAF). Heart 2010;96:275-280.

10. Fauchier L, Grimard C, Pierre B, Nonin E, Gorin L, Rauzy B, Cosnay P, Babuty D,
Charbonnier B. Comparison of beta blocker and digoxin alone and in combination
for management of patients with atrial fibrillation and heart failure. Am | Cardiol 2009;
103:248-254.

11. Dhaliwal AS, Bredikis A, Habib G, Carabello BA, Ramasubbu K, Bozkurt B. Digoxin
and clinical outcomes in systolic heart failure patients on contemporary background
heart failure therapy. Am J Cardiol 2008;102:1356—1360.

12. Butler ], Anand IS, Kuskowski MA, Rector T, Carson P, Cohn N, Val-HeFT Investi-
gators. Digoxin use and heart failure outcomes: results from the Valsartan Heart
Failure Trial (Val-HeFT). Congest Heart Fail 2010;16:191—-195.

13. Freeman }V, Yang, Sung SH, Hlatky MA, Go AS. Effectiveness and safety of digoxin
among contemporary adults with incident systolic heart failure. Circ Cardiovasc Qual
Outcomes 2013;6:525—-533.

14. Gjesdal K, Feyzi ], Olsson SB. Digitalis: a dangerous drug in atrial fibrillation? An ana-
lysis of the SPORTIF Ill and V data. Heart 2008;94:191—-196.

15. Whitbeck MG, Charnigo RJ, Khairy P, Ziada K, Bailey AL, Zegarra MM, Shah |,
Morales G, Macaulay T, Sorrell VL, Campbell CL, Gurley }, Anaya P, Nasr H, Bai R,
Di Biase L, Booth DC, Jondeau G, Natale A, Roy D, Smyth S, Moliterno DJ,
Elayi CS. Increased mortality among patients taking digoxin--analysis from the
AFFIRM study. Eur Heart | 2013;34:1481—1488.

16. Turakhia MP, Santangeli P, Winkelmayer WC, Xu X, Ullal A}, Than CT, Schmitt S,
Holmes TH, Frayne SM, Phibbs CS, Yang F, Hoang DD, Ho PM, Heidenreich PA.
Increased mortality associated with digoxin in contemporary patients with atrial fib-
rillation: findings from the TREAT-AF study. | Am Coll Cardiol 2014;64:660—668.

17. Shah M, Avgil Tsadok M, Jackevicius CA, Essebag V, Behlouli H, Pilote L. Relation of
digoxin use in atrial fibrillation and the risk of all-cause mortality in patients >65
years of age with versus without heart failure. Am | Cardiol 2014;114:401—-406.

18. Gamst ), Christiansen CF, Rasmussen BS, Rasmussen LH, Thomsen RW. Pre-existing
atrial fibrillation and risk of arterial thromboembolism and death following pneumo-
nia: a population-based cohort study. BMJ Open 2014;4:e006486.

19. Chao TF, Liu CJ, Chen SJ, Wang KL, Lin YJ, Chang SL, Lo LW, Hu YF, Tuan TC,
Chen TJ, Chiang CE, Chen SA. Does digoxin increase the risk of ischemic stroke

9102 ‘2T AN uo 159nb Aq /Bi0'sfeulnolpiolxo: iesyins//:dny woly papeojumoq


http://eurheartj.oxfordjournals.org/lookup/suppl/doi:10.1093/eurheartj/ehv143/-/DC1
http://eurheartj.oxfordjournals.org/

Page 8 of 8

M. Vamos et al.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

and mortality in atrial fibrillation? A nationwide population-based cohort study. Can |
Cardiol 2014;30:1190—1195.

Freeman ]V, Reynolds K, Fang M, Udaltsova N, Steimle A, Pomernacki NK,
Borowsky LH, Harrison TN, Singer DE, Go AS. Digoxin and risk of death in adults
with atrial fibrillation: The ATRIA-CVRN Study. Circ Arrhythm Electrophysiol 2015;
8:49-58.

Pastori D, Farcomeni A, Bucci T, Cangemi R, Ciacci P, Vicario T, Violi F, Pignatelli P.
Digoxin treatment is associated with increased total and cardiovascular mortality in
anticoagulated patients with atrial fibrillation. Int | Cardiol 2015;180:1-5.
Domanski M, Fleg ], Bristow M, Knox S. The effect of gender on outcome in digitalis-
treated heart failure patients. | Card Fail 2005;11:83—-86.

Liberati A, Altman DG, Tetzlaff ], Mulrow C, Getzsche PC, loannidis JP, Clarke M,
Devereaux P, Kleijnen J, Moher D. The PRISMA statement for reporting systematic
reviews and meta-analyses of studies that evaluate healthcare interventions: explan-
ation and elaboration. BMJ 2009;339:6b2700.

da CostaBR, Juni P. Systematic reviews and meta-analyses of randomized trials: prin-
ciples and pitfalls. Eur Heart | 2014;35:3336—-3345.

Slim K, Nini E, Forestier D, Kwiatkowski F, Panis Y, Chipponi . Methodological index
for non-randomized studies (minors): development and validation of a new instru-
ment. ANZ | Surg 2003;73:712-716.

Ghanbari H, Phard WS, Al-Ameri H, Latchamsetty R, Jongnarngsin K, Crawford T,
Good E, Chugh A, Oral H, Bogun F, Morady F, Pelosi F Jr. Meta-analysis of safety
and efficacy of uninterrupted warfarin compared to heparin-based bridging therapy
during implantation of cardiac rhythm devices. Am | Cardiol 2012;110:1482—-1488.
Higgins JP, Thompson SG. Quantifying heterogeneity in a meta-analysis. Stat Med
2002;21:1539—-1558.

Borenstein M, Hedges LV, Higgins JP, Rothstein H. A basic introduction to fixed and
random effects models for meta-analysis. Res Synth Methods 2010;1:97-111.
Borenstein M, Hedges LV, Higgins |PT, Rothstein HR. Introduction to Meta-Analysis. 1st
ed. Pondicherry/India: John Wiley & Sons, Ltd.; 2009.

Begg CB, Mazumdar M. Operating characteristics of a rank correlation test for pub-
lication bias. Biometrics 1994;50:1088—1101.

Gheorghiade M, Patel K, Filippatos G, Anker SD, van Veldhuisen D), Cleland ]G,
Metra M, Aban IB, Greene S, Adams KF, McMurray JJ, Ahmed A. Effect of oral
digoxin in high-risk heart failure patients: a pre-specified subgroup analysis of the
DIG trial. Eur | Heart Fail 2013;15:551-559.

Bourge RC, Fleg JL, Fonarow GC, Cleland JG, McMurray J}, van Veldhuisen D],
Gheorghiade M, Patel K, Aban IB, Allman RM, White-Williams C, White M,
Filippatos GS, Anker SD, Ahmed A. Digoxin reduces 30-day all-cause hospital admis-
sion in older patients with chronic systolic heart failure. Am f Med 2013;126:701-708.
Rathore SS, Curtis JP, Wang Y, Bristow MR, Krumholz HM. Association of serum
digoxin concentration and outcomes in patients with heart failure. JAMA 2003;
289:871-878.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

45.

46.

. Rathore SS, Wang Y, Krumholz HM. Sex-based differences in the effect of digoxin for

the treatment of heart failure. N Engl | Med 2002;347:1403—-1411.

Gheorghiade M, Fonarow GC, van Veldhuisen D, Cleland JG, Butler J, Epstein AE,
Patel K, Aban IB, Aronow WS, Anker SD, Ahmed A. Lack of evidence of increased
mortality among patients with atrial fibrillation taking digoxin: findings from post
hoc propensity-matched analysis of the AFFIRM trial. Eur Heart | 2013;34:
1489-1497.

Elayi CS, Whitbeck MG, Charnigo R, Shah |, Macaulay TE, Morales G, Gurley |C,
Kakavand B, Thal S, Ching CK, Khaykin Y, Verma A, Barrett C, Bai R, Di Biase L,
Patwardhan A, Moliterno D), Natale A, AFFIRM Study Investigators. Is there an asso-
ciation between external cardioversions and long-term mortality and morbidity?
Insights from the Atrial Fibrillation Follow-up Investigation of Rhythm Management
study. Circ Arrhythm Electrophysiol 2011;4:465—-469.

Murphy SA. When ‘digoxin use’ is not the same as ‘digoxin use”: lessons from the
AFFIRM trial. Eur Heart | 2013;34:1465—1467.

Rodriguez-Mafiero M, Otero-Ravifia F, Garcia-Seara ), Zugaza-Gurruchaga L,
Rodriguez-Garcia JM, Blanco-Rodriguez R, Turrado Turrado V, Ferndndez-
Villaverde M, Vidal-Pérez RC, Gonzdlez-Juanatey R, Barbanza Group Researchers.
Outcomes of a Contemporary Sample of Patients With Atrial Fibrillation Taking
Digoxin: Results From the AFBAR Study. Rev Esp Cardiol (Engl Ed) 2014;67:890—-897.
Mulder BA, Van Veldhuisen D), Crijns HJ, Tijssen JG, Hillege HL, Alings M, Rienstra M,
Van den Berg MP, Van Gelder IC, RACE Il Investigators. Digoxin in patients with per-
manent atrial fibrillation: data from the RACE Il study. Heart Rhythm 2014;11:
1543-1550.

Opie LH. Digitalis, yesterday and today, but not forever. Circ Cardiovasc Qual Out-
comes 2013;6:511-513.

Gheorghiade M, van Veldhuisen D), Colucci WS. Contemporary use of digoxin in the
management of cardiovascular disorders. Circulation 2006;113:2556-2564.
Holmaqvist F, Stridh M, Waktare JE, Sérnmo L, Olsson SB, Meurling C|. Atrial fibrilla-
tory rate and sinus rhythm maintenance in patients undergoing cardioversion of per-
sistent atrial fibrillation. Eur Heart | 2006;27:2201-2207.

Eckardt L, Breithardt G. Drug-induced ventricular tachycardia. In: Zipes D, Jalife ], ed.
Cardiac Electrophysiology. From Cell to Bedside. 6th ed. Philadelphia: Elsevier Saunders;
2014. p1001-1008.

Fromm MF, Kim RB, Stein M, Wilkinson GR, Roden DM. Inhibition of
P-glycoprotein-mediated drug transport. A unifying mechanism to explain the inter-
action between digoxin and quinidine. Circulation 1999;99:552—-557.

Hohnloser SH, Halperin JL, Camm AJ, Gao P, Radzik D, Connolly SJ. Interaction
between digoxin and dronedarone in the PALLAS Trial. Circ Arrhythm Electrophysiol
2014;7:1019-1025.

Wyse DG. Death and digoxin: stop me if you've heard this one before. Can | Cardiol
2014;30:1145-1147.

9102 ‘2T Ae|N uo 159nb Aq /Bi0'seulnolpioxo: iesyins//:dny woly papeojumoq


http://eurheartj.oxfordjournals.org/


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /PageByPage
  /Binding /Left
  /CalGrayProfile ()
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.5
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 524288
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo false
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings false
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Preserve
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
    /Courier
    /Courier-Bold
    /Courier-BoldOblique
    /Courier-Oblique
    /Helvetica
    /Helvetica-Bold
    /Helvetica-BoldOblique
    /Helvetica-Oblique
    /Symbol
    /Times-Bold
    /Times-BoldItalic
    /Times-Italic
    /Times-Roman
    /ZapfDingbats
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 175
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50286
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG2000
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 20
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 175
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50286
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG2000
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 20
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages true
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 175
  /MonoImageDepth 4
  /MonoImageDownsampleThreshold 1.50286
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects true
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<
    /ENU ()
  >>
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [612.000 792.000]
>> setpagedevice


