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Reasons for the decline in use of digitalis in heart failure, importance of serum digoxin concentrations, and characteristics of two ongoing trials with 
digitalis in heart failure.
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Introduction
Digitalis glycosides (digoxin and digitoxin) are the oldest drugs in car-
diovascular (CV) medicine and have generally been used in patients 
with heart failure (HF) and in those with atrial fibrillation (AF) or their 
combination.1,2 Twenty-five years ago, digoxin was used by around 
two-thirds of patients with moderate to severe (systolic) HF, although 
there were large variations in its use in Europe, ranging from 85% in 
Germany to 40% in the United Kingdom.3 Since then, however, the 
use of digoxin has markedly declined and in more recent HF trials, its 
use was reported to be <20%, or—most recently—not even men-
tioned anymore.

There are many reasons for this decline, some understandable and 
‘scientifically correct’, but there are also many assumptions and myths 
which may be less rational, and may explain this decline. In the present 
viewpoint this will be discussed, and data will be provided of two cur-
rently ongoing prospective, placebo-controlled randomised clinical 
trials (RCTs) with digitalis4,5 which will provide new contemporary 
data on the place of these drugs in HF.

Trials and guidelines
Only one large RCT trial has been published with digoxin in HF patients 
with sinus rhythm (SR) that examined outcome.6 In this Digitalis 
Investigation Group (DIG) trial of 6800 patients, published in 1997, 
digoxin—when added to diuretics and ACE inhibitors—did not reduce 
all-cause mortality in mild to moderate HF, which was the primary end-
point of this trial.6 Digoxin did, however, cause a 28% reduction of hos-
pitalization for worsening HF (P < 0.001), one of the secondary 
endpoints. Interestingly, if the primary composite endpoint of CV death 
and HF hospitalization would have been used, now most commonly 
used in HF trials and accepted by the CV community, digoxin would 
have caused a statistically significant 15% reduction (hazard ratio 0.85; 
P < 0.001).7

Based on DIG,6 the 2001 European Society of Cardiology (ESC) HF 
Guidelines recommended digoxin ‘to improve the clinical status of pa-
tients with persisting HF symptoms … despite ACE inhibitor and diur-
etic treatment’.8 From 2001 onwards, the place of digitalis glycosides 
has gradually declined and in the most recent 2021 ESC HF 
Guidelines, it reads that digoxin ‘may be considered in patients with 
symptomatic HF (and SR) with reduced ejection fraction EF (HFrEF)’ 
despite optimal medical treatment (recommendation level IIb-B).9 In 
HF patients with AF, the effects of digoxin on outcome have never 
been investigated in a prospective, placebo-controlled RCT, although 
they were compared to those of bisoprolol on quality of life in a recent 
RCT.10 This study, the RAte control Therapy Evaluation in permanent 
Atrial Fibrillation (RATE-AF) trial, included 160 patients of 60 years or 
older. Its primary endpoint was quality of life after 6 months, and there 
was no difference between groups, and reduction in heart rate was 
similar. However, at 12 months, many secondary endpoints were differ-
ent and favoured low-dose digoxin (e.g. natriuretic peptides, symptoms, 
and adverse effects), and low-dose digoxin may therefore be consid-
ered as an alternative for beta-blockers in such patients.10

Interestingly, in the 2001 ESC HF Guidelines, cardiac glycosides were 
indicated for all HF patients,8 but in 2021,9 they received a class IIb rec-
ommendation for patients with sinus rhythm, because background 
medication at the time of DIG (only ACE inhibitors and diuretics) 
was considered limited in 2021. For HF patients with AF,9 the recom-
mendation was IIa, which was also due to the results of RATE-AF.10

Reasons for the declining role of 
digoxin in heart failure
In the past, digitalis was primarily seen as a (positive) inotropic drug, 
caused by inhibition of Na/K ATPase (or sodium pump). At that time 
positive inotropism was considered a favourable effect in HF because 
it was assumed to be needed to improve the pumping performance 
of the failing heart. In addition, digoxin had a negative chronotropic ef-
fect (on the atrio-ventricular node) which was also attractive in HF with 
AF. Because of these assumed favourable effects of positive inotropism, 
digoxin was often given in the maximally tolerated dose, and in 2001 it 
was written that the ‘usual dose of oral digoxin is 0.25–0.375 mg daily’.8

Later, however, it became clear from the DIG trial, but also from sev-
eral other studies, that higher levels of digoxin (>1.2 ng/mL) were asso-
ciated with an adverse outcome in HF, and that lower doses had a 
favourable effect.11 Indeed, with lower doses, digoxin is a neurohormo-
nal antagonist and improves plasma neurohormones, heart rate vari-
ability, and baroreceptor function (for review: see Van Veldhuisen 
et al.12). In the past 20–25 years, neurohormonal antagonists, such as 
beta-blockers and drugs that specifically block the renin-angiotensin 
system, were found to improve outcome.9 All this evidence together 
made it increasingly clear that the place of positive inotropic drugs in 
HF would be small, if any.

In addition to the fact that in the past digoxin was primarily assumed 
to be a positive inotropic drug, which was increasingly unwanted in 
most patients with (mild to moderate, chronic) HF, several other fac-
tors played a role in its decline. Many post-hoc analyses suggested an 
unfavourable effect on outcome, but initially, most of these studies 
were not corrected for baseline differences, and digoxin was often 
given to the sickest patients, i.e. a ‘prescription bias’2 which was also 
shown in the DIG trial itself.13 Later, several studies adjusted for base-
line differences, but such studies cannot replace a well-designed RCT.2

Further, digoxin is cheap, and was not promoted by the pharma indus-
try after DIG (in contrast to other drugs). Lastly, beta-blockers were 
found to have benefits in HF in several outcome RCTs at the time,9

and their results ‘eclipsed’ the findings of the DIG trial.7

Recent developments
In recent years, interest in digitalis has again increased, and it has been 
suggested that the CV community may have dismissed it too readily, 
and that its potential role should be reappraised. Also, because of its 
very low cost, digoxin is most probably cost-effective in HF. In addition, 
the recent RATE-AF study in patients with AF and symptoms of HF 
compared the effects of low-dose digoxin (mean 0.161 mg/day) vs. bi-
soprolol (mean dose 3.2 mg/day) with interesting findings, as discussed 
above.10 Although these potential favourable effects should be consid-
ered exploratory, it is remarkable that there was no requirement for 
pacemaker therapy and no increases in pauses on low-dose digoxin, 
supporting the concept that low-dose digoxin may be (at least) as 
effective and possibly safer than higher doses.14

In addition to this RATE-AF study, there are currently two ongoing 
outcome RCTs in patients with HF, and both are using low-dose digi-
talis glycosides.7,8 In addition, and in contrast to the DIG trial,9 not 
only HF patients with sinus rhythm but also those in AF are investigated 
(see Graphical Abstract). The first is the DIGIT-HF trial (DIGitoxin to 
Improve ouTcomes in patients with advanced chronic Heart Failure) 
which is enrolling patients in Germany, Austria, and Serbia. In this study, 
the target serum concentration of digitoxin is 8–18 ng/mL, and in 
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humans, these concentrations are equivalent to digoxin concentrations 
of 0.5–0.9 ng/mL.4 Digitoxin has similar pharmacodynamic effects as di-
goxin, but the pharmacokinetic profile is different, with a longer half- 
life.4,15 Digitoxin is cleared by the liver when renal function decreases 
so it does not accumulate. In contrast to digoxin, there are no adequate 
powered RCTs with digitoxin in patients with HF. The second study is 
the DECISION trial (Digoxin Evaluation in Chronic heart failure: 
Investigational Study in Outpatients in the Netherlands) (ClinTrials.gov 
NCT03783429), and the target serum concentration of digoxin in 
that study is 0.5–0.9 ng/mL. This study is enrolling patients in the 
Netherlands only.5 In DECISION, at least one-third of the total population 
will be women, since an earlier (post-hoc) substudy of DIG suggested 
an unfavourable effect on outcome in women.16 Serum digoxin levels 
will be carefully monitored in the DECISION trial, and patients with 
severe renal dysfunction (glomerular filtration rate ≤ 30 mL/min/1.73 m2) 
are excluded. Both trials will finish enrolment in 2023. Current enrolment 
in DIGIT-HF is >1150 patients (of planned 1650 after extension of 
follow-up and recalculation of sample size), and in DECISION is >750 
patients (of planned 982). Results of both trials are expected in 2025. 
The two RCTs have some similarities, but also important differences in 
drugs used, study design, population, and inclusion criteria.

In conclusion, the use of digitalis glycosides for HF (and for AF) has 
markedly declined in the last 20–25 years, and reasons for this are dis-
cussed here. For a long time, no large trials were performed, but two 
current RCTs are examining outcome, and their results will define 
the future place of digitalis glycosides in the treatment of HF.
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