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1
Digoxin in heart failure: an ancient potion?
K. F. Adams, Jr

INTRODUCTION

Controversy over clinical effectiveness surrounds many treatments and consensus at the 
level of guidelines and quality of care measures is difficult to reach for most therapies. But 
few therapies have induced such a historically rich and long lived dispute as digoxin con-
cerning their basic medical value and best indications for use. Our deep and rationale com-
mitment to evidence from randomized clinical trials is understandable, but centuries of 
positive observational data with various digitalis preparations remain difficult to fully dis-
miss. Following a long period dominated by non-randomized results and a poor under-
standing of the physiological actions of the drug, a number of potentially beneficial 
properties have been identified and randomized clinical trials of digoxin have been per-
formed that provide additional support for efficacy of this agent. However, even as stronger 
evidence accumulates, controversy continues to surround this agent, engendering ongoing 
analyses of critical randomized trial data. Digoxin is still attractive to many, given that heart 
failure (HF) remains a therapeutic challenge and substantial public health problem in spite 
of recent advances in therapy. This chapter will attempt to make sense of the current evi-
dence in a way that, in total, supports a continued therapeutic role for this agent, while 
simultaneously presenting a number of caveats concerning drug use. Be forewarned that 
absolute conclusions are not possible, but the thoughtful reader should be able to take a 
position on the role of this drug in their practice after consideration of the material pre-
sented.

HISTORICAL PERSPECTIVE

No account of the use of digoxin in HF could be considered complete without some histori-
cal considerations. The concept of taking external substances as remedies for human mala-
dies must predate written history. The Egyptians are known to have used many herbal 
preparations for medicinal purposes and one, called squill, contained rather weak cardiac 
glycosides and does appear to have been given to patients with dropsy. The name digitalis 
was used in 1542 by the German scholar Fuchsius as a term for the plant known as the 
Foxglove which has blossoms that resembled the fingers of a glove. The drug was used from 
the late Middle Ages by Welsh physicians under the name menygellydon [1]. The ‘modern’ 
history of the drug begins in 1785 with the publication of the famous memoir by Sir William 
Withering ‘An Account of the Foxglove and Some of its Medical Uses: With Practical Remarks on 
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2 Clinical Challenges in Heart Failure

Dropsy and Other Diseases’, justifiably recognized as a medical classic. Withering advocated 
for the utility of digoxin, in a pioneering way, presenting carefully recorded observations on 
the clinical effects of the drug which he prescribed to patients with edematous states, irreg-
ular heartbeats and chronic HF [2]. According to Withering, digitalis was believed to slow 
heart rate in patients with irregular pulse and result in diuresis. Only in the twentieth cen-
tury were digitalis preparations considered useful in patients with HF and sinus rhythm. 
Digoxin, only one of many cardiac glycosides that could be considered for therapeutic use, 
was popularized during the 1930s by Burroughs Wellcome, presumably due to the advan-
tages of lower protein binding and faster clearance. Digoxin was not approved by the U.S. 
Food and Drug Administration (FDA) under its new regulations until the 1990s with an 
indication for the treatment of mild to moderate HF and for control of ventricular response 
rate in atrial fibrillation.

MECHANISM OF ACTION

POSITIVE INOTROPIC EFFECTS

Controversy continues concerning the primary mechanism of action that accounts for the 
clinical improvement associated with digoxin therapy in HF (Table 1.1). Traditional explana-
tions have focused on the positive inotropic effect of the drug. This favorable action on 
contractility originates from inhibition of membrane-bound alpha subunits of sodium-
potassium ATPase that are primarily, but not exclusively, located in human myocardium. As 
a result of this inhibition, sodium-calcium exchange is augmented and there is a correspond-
ing rise in intracellular calcium concentration that enhances activation of the contractile 
apparatus and produces an increase in the force of myocardial contraction [3, 4]. There is 
reasonable evidence to indicate that even ‘low’ serum digoxin concentrations (< 1.0 ng/ml) 

Table 1.1 Effects of digoxin (with permission from [58])

Hemodynamic effects in HF
 Increased cardiac output
 Decreased PCWP
 Increased LVEF
Neurohormonal effects
 Vagomimetic action
 Improved baroreceptor sensitivity
 Decreased norepinephrine serum concentration
 Decreased activation of renin-angiotensin system
 Direct sympathoinhibitory effect
 Increased sympathetic CNS outflow at high-doses
 Decreased cytokine concentrations
 Increased release of ANP and BNP
Electrophysiological effects
 S-A node: slowing of the sinus rate
 Atrium: no effect or decreased refractory period
 AV node: slowed conduction
 Ventricle and Purkinje fibers: practically no electrophysiological effects at
 low therapeutic doses

ANP = atrial natriuretic peptide; AV = atrioventricular; BNP = B-type natriuretic peptide; CNS = central 
nervous system; LVEF = left ventricular ejection fraction; PCWP = pulmonary capillary wedge pressure.
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Digoxin in heart failure: an ancient potion? 3

are associated with a measurable inotropic effect. Although sodium-potassium ATPase 
receptor density is reduced in HF, sodium-calcium exchanger protein levels remain the same 
[5]. There is no evidence for up-regulation of the sodium-potassium ATPase pump in human 
myocardium during chronic digoxin therapy [6].

NEUROHORMONAL MODULATION

Recognition that abnormal neurohormonal regulation plays a critical role in the pathophys-
iology of HF represented a major conceptual advance and helped to promote development 
of life saving drugs that counteract these systems. In addition to its inotropic properties, 
digoxin is well known to modulate many neurohormonal abnormalities noted in HF, espe-
cially those involving the autonomic nervous system. These additional mechanisms of action 
make it more plausible that digoxin could be beneficial in patients with HF [7]. In low- 
output HF models, there is attenuation of carotid sinus baroreceptor discharge sensitivity 
that may occur due to augmentation of sodium-potassium ATPase pump activity. 
Administration of digoxin in these models produces improvement in baroreceptor function 
that may result in decreased activation of the sympathetic nervous system [8]. Digoxin, at 
therapeutic doses, increases vagal tone and decreases sinoatrial and atrioventricular con-
duction [9]. Digoxin has a direct sympathoinhibitory effect that does not appear to be related 
to any increase in cardiac output produced by the drug. Both dobutamine and digoxin cause 
a similar acute increase in cardiac output in patients with HF, but only digoxin decreases 
sympathetic nerve discharge. Therapeutic doses of digoxin also decrease serum norepineph-
rine concentration [10, 11]. A low dose of digoxin, that has no effect on cardiac contractility 
or hemodynamics, decreases cardiac norepinephrine spillover in patients with severe HF 
[12]. Interestingly, higher doses of digoxin may result in stimulation of sympathetic nerve 
activity. Other studies have shown that increasing the dose of digoxin, when serum concen-
tration is within therapeutic range, improves hemodynamics but produces no further 
improvement in neurohormonal profile [13].

Although the clinical significance of these effects is not known, digoxin also lessens 
activation of neurohormones related to the renin-angiotensin system and appears to 
increase circulating natriuretic peptides. Both acute and chronic administration of digoxin 
has been shown to reduce plasma renin, angiotensin II, and aldosterone levels [11, 14]. 
Aldosterone stimulation of the sodium-potassium pump may lead to perivascular fibrosis 
which can be prevented in experimental models by digoxin administration [15]. Digitalis 
was found to produce a modest increase (approximately 10%) in atrial natriuretic peptide 
and B-type natriuretic peptide during acute treatment of severe HF, even as filling pres-
sures decline, which suggests a direct effect of the drug on the myocardial release of these 
peptides [14]. 

CARDIOVASCULAR ACTIONS OF DIGOXIN

HEMODYNAMIC EFFECTS

Digitalis administration does not alter cardiac output in normal control subjects even though 
the drug causes a significant increase in cardiac contractility. In normals, this lack of effect 
on cardiac output is likely due to increased systemic vascular resistance which also occurs 
with drug administration. In patients in HF, normal sinus rhythm, and reduced systolic 
function, digoxin administration improves left ventricular ejection fraction, reduces pulmo-
nary capillary wedge pressure, and increases cardiac output both at rest and during exercise 
[16]. These favorable acute effects are particularly evident in patients who continue to have 
elevated pulmonary capillary wedge pressure or decreased cardiac output in the face of 
other treatments. If hemodynamics improve substantially with diuretics and vasodilators, 
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4 Clinical Challenges in Heart Failure

acute administration of digoxin produces no further benefit [17]. Improvement in hemody-
namics is sustained during chronic therapy, likely partly related to lack of up-regulation of 
sodium-potassium ATPase site during digoxin treatment [18].

ELECTROPHYSIOLOGICAL EFFECTS

Digoxin has a predominant parasympathomimetic action on the atrial myocardium and it 
slows conduction and prolongs the AV node refractory period. Digoxin has practically no 
electrophysiological effect in the Purkinje system of ventricular muscle. Digoxin toxicity is 
well known to produce a variety of arrhythmias some of which may be lethal. Maintaining 
serum concentrations < 1 ng/ml is the best way to prevent therapeutic doses of digoxin from 
increasing the risk of arrhythmias. Ischemia seems to promote arrhythmia risk with digoxin 
[19].

EVIDENCE CONCERNING CLINICAL UTILITY IN HF

Digoxin has been extensively studied in small trials, but the most important data concerning 
efficacy in HF come from two moderate-sized studies that have a common design: the 
Prospective Randomized study Of Ventricular failure and Efficacy of Digoxin (PROVED) 
study and the Randomized Assessment of Digoxin on Inhibitors of Angiotensin-Converting 
Enzyme (RADIANCE) study and one large scale outcomes trial, the Digitalis Investigation 
Group study (DIG study) [20–22]. As much as these trial data were needed, their results 
have not been easy to interpret and, in the spirit of earlier observational results, have been 
fiercely debated by proponents and opponents of this medication. The PROVED and 
RADIANCE trials do not provide meaningful data on major outcomes, but they do provide 
considerable supportive data concerning clinically relevant endpoints like exercise tolerance 
and left ventricular function (Table 1.2). In addition, they allow some insight into the effect 
of the drug on short-term outcomes. Data was collected on worsening HF during follow-up 
using a common definition: a decline in clinical status sufficient to require one of the follow-

Table 1.2 Effect of Digoxin in Patients in Sinus Rhythm With Stable Heart Failure and Reduced Systolic 
Function Receiving Diuretics (PROVED Study) or Diuretics and ACE Inhibitors (RADIANCE Study) (with 
permission from [52])

On diuretics
On ACE inhibitors
and diuretics

Treadmill time Improved Improved
Six-minute walk No change Improved
Incidence of treatment failure Decreased Decreased
Time to treatment failure Decreased Decreased
Change in signs and symptoms of HF No change Improved
Quality of life (Minnesota Living With Heart Failure 

Questionnaire)
No change Improved

CHF score No change Improved
Global evaluation of progress No change Improved
LVEF Improved Improved
HR and BP Decreased Decreased
Body weight Decreased Decreased

BP = blood pressure; CHF = congestive heart failure; HR = heart rate; LVEF = left ventricular ejection 
fraction.
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Digoxin in heart failure: an ancient potion? 5

ing therapeutic interventions: change in background therapy, visit to an emergency room for 
increasing HF or hospital admission for HF. Furthermore, any suspected events were inde-
pendently adjudicated by a committee unaware of treatment assignment in both studies.

PROVED

The PROVED study was designed to investigate whether digoxin was effective in patients 
with chronic, stable, mild to moderate HF due to systolic dysfunction, who were treated 
with diuretic [20]. In this multicenter study, digoxin was withdrawn (n = 46) or continued 
(n = 42) in a prospective, randomized, double-blind, and placebo-controlled design. All 
patients enrolled were in normal sinus rhythm and had received long-term treatment with 
diuretics and digoxin. Several detrimental effects of digoxin withdrawal were noted in this 
study. Maximal exercise capacity declined in the withdrawal group, but was maintained in 
patients who continued on digoxin (median decrease −96 seconds vs. +4.5 seconds, P = 0.003). 
Patients withdrawn from digoxin were significantly more likely to experience treatment 
failure (39%, digoxin withdrawal group vs. 19%, digoxin maintenance group, P = 0.039). In 
addition, patients who continued on digoxin had lower body weight (P = 0.044), reduced 
heart rate (P = 0.003), and higher left ventricular ejection fraction (P = 0.016). 

RADIANCE

The RADIANCE study addressed the therapeutic role of digoxin in the angiotensin-convert-
ing-enzyme (ACE) inhibitor era [21]. This trial investigated 178 patients with New York 
Heart Association (NYHA) class II or III HF and left ventricular ejection fractions ≤ 35%. 
Study patients were in normal sinus rhythm and clinically stable while receiving digoxin, 
diuretics, and an ACE inhibitor (captopril or enalapril). Patients were randomly assigned, 
after a stabilization period of approximately 2 months, to either continue digoxin (85 
patients) or withdraw from this therapy (93 patients). The design was double-blind with a 
follow-up period of 12 weeks after randomization. Worsening HF occurred in 23 patients in 
the digoxin withdrawal group, but in only four patients who continued digoxin (hazard 
ratio [HR] 5.9; 95% confidence interval [CI] 2.1–17.2; P < 0.001). In addition, functional capac-
ity deteriorated, in a similar manner to the PROVED study, when patients discontinued 
digoxin (P = 0.033 for maximal exercise tolerance, P = 0.01 for submaximal exercise endur-
ance, and P = 0.019 for NYHA class). Other measures of clinical response differed as well, 
with patients who discontinued digoxin having lower quality of life scores (P = 0.04), 
decreased ejection fractions (P = 0.001), and increases in heart rate (P = 0.001) and body 
weight (P < 0.001). 

The common design of PROVED and RADIANCE allowed a combined analysis of the 
worsening HF endpoint which provides clear evidence of the short-term effectiveness of 
digoxin and the utility of ‘triple’ therapy in these study populations (Figure 1.1).

DIG

The modest sized withdrawal studies provided convincing evidence to many of the short-
term efficacy of digoxin, but they lacked definitive results concerning the long-term effects of 
this drug on morbidity and mortality. This issue was addressed in the DIG trial, which was 
designed to test the effect of digoxin on the risk of major adverse outcomes in HF in a random-
ized, double-blind design [22]. This HF trial had two arms: 6800 patients with left ventricular 
systolic dysfunction (left ventricular ejection fraction ≤ 45%) and 988 patients with preserved 
left ventricular ejection fraction (> 45%) [23]. In the systolic dysfunction arm, patients were 
randomly assigned to digoxin or placebo in addition to diuretics and ACE inhibitors, as toler-
ated. Of note, the median dose of digoxin used in the trial was 0.25 mg per day. There were 
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6 Clinical Challenges in Heart Failure

1181 deaths (34.8%) in the digoxin group and 1194 deaths (35.1%) in the placebo group (HR 
0.99; 95% CI 0.91–1.07; P = 0.80). Although overall these findings clearly indicated no effect of 
digoxin on survival, interestingly there was a trend toward a decrease in the risk of death 
attributed to worsening HF in patients randomized to digoxin (HR 0.88; 95% CI 0.77–1.01; 
P = 0.06). In terms of morbidity, the picture was also mixed. Overall there was a modest reduc-
tion in all-cause hospitalization (6% fewer hospitalizations overall in the digoxin group com-
pared to the placebo group), but hospitalization for worsening HF was substantially reduced 
in digoxin treated patients (26.8% vs. 34.7%, HR 0.72; 95% CI 0.66–0.79; P < 0.001). 

Of particular importance, there was no difference in drug effect between patients who 
had digoxin withdrawn or prospectively added (randomized to digoxin but not receiving 
the drug at baseline). Results showed that the absolute risk of death or hospitalization for 
HF in those previously taking digoxin was −8.6% (HR 0.74; 95% CI 0.66–0.83) compared to 
−6.2% (HR 0.77; 95% CI 0.68–0.86) in those with the drug added. This important finding 
reinforced the validity of the PROVED and RADIANCE withdrawal trial findings to many 
observers. 

INTERPRETATION OF KEY CLINICAL TRIAL RESULTS

For many clinicians, the outcome of the DIG study signaled a major reinterpretation of the 
role of digoxin in the treatment of HF [24]. By the time these results were announced, 
improving morbidity and mortality had become the major focus of clinical HF research. 
Landmark trials of ACE inhibitor therapy were proving that better outcomes were possible 
with medical therapy, not only in patients with mild to moderate clinical HF, but even in 
patients with NYHA functional class IV symptoms and severe left ventricular dysfunction; 
a population many considered beyond the reach of medical therapeutics. The lack of even a 
trend toward improvement in all-cause mortality in the DIG trial stood in marked contrast 
to published results with ACE inhibitors and data emerging concerning a substantial benefi-
cial effect of beta blockade on these outcomes. Others maintain that reduction in HF 
 morbidity in the DIG trial, improvement in exercise tolerance and quality of life in short-
term studies, and low cost and convenience, continue to make digoxin attractive [25]. 
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Figure 1.1 Likelihood of deterioration in HF status in the four treatment groups: triple therapy with ACE 
inhibitor, digoxin and diuretic, digoxin and diuretic, ACE inhibitor and diuretic, and diuretic alone. Patients 
receiving triple therapy were significantly less likely to experience treatment failure compared to any of the 
other three groups (all P < 0.01).
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Digoxin in heart failure: an ancient potion? 7

Our research group, composed of several investigators with a longstanding clinical inter-
est in digoxin who were involved in the PROVED and RADIANCE studies, took yet another 
approach. The idea was to re-examine results of the three key efficacy trials to better under-
stand the factors that influence benefit from this medication. This analysis, presented in 
detail below, suggested that the serum concentration necessary for clinical benefit needed 
revision and that there was a relationship between severity of HF present and clinical effi-
cacy of the drug. In addition, the role of digoxin in women and patients with HF and pre-
served ejection fraction was clarified.

As further support for re-interpretation of the DIG study, the careful reader is invited to 
reconsider the major outcome results in this trial (Figure 1.2A,B). The simultaneous findings 
that digoxin failed to reduce overall mortality, but reduced the risk of death due to worsen-
ing HF does not fit with the usual consistent effect a therapy should have on these two 
endpoints. In addition, the marked reduction in hospitalization for worsening HF is difficult 
to reconcile with a modest effect on all-cause hospitalization. 

At a more fundamental philosophical level, the debate about the efficacy of digoxin 
highlights the two major prevailing approaches to the interpretation of the cardiovascular 
clinical trials by opinion leaders. One side takes the position that cardiovascular diseases 
are, for practical purposes, homogeneous, that drug response in these conditions is essen-
tially uniform across demographic and clinical subgroups, and that dose response is over-
rated. This perspective generally promotes a simple interpretation of clinical trial data 
based on overall results, essentially eschewing subgroup analysis and concerns about fac-
tors like drug dose. There certainly do appear to be a number of cardiovascular diseases 
and therapies that can be evaluated successfully in this straightforward way, but many 
advocates of digoxin take the opposite perspective. This view recognizes significant hetero-
geneity in cardiovascular disease states, allows for some difference in effectiveness among 
demographic and clinical subgroups, and acknowledges the need to pay attention to dose-
response relationships. 

Of course, there are pitfalls and limitations inherent to both perspectives and which per-
spective is correct cannot be resolved here. The purpose of the review of the randomized 
trial data on digoxin that follows is not to reach a definitive conclusion about the effective-
ness of this agent, especially its ability to improve clinical outcomes. Although when prop-
erly performed and interpreted, retrospective cohort analyses should not be lightly discarded, 
but they cannot achieve this level of certainty. Rather, the goal is to present a thorough and 
rigorous analysis of the existing randomized trial data so that the thoughtful clinician can 
make the most informed decision about utilization of digoxin. HF remains expensive to 
treat due to poor outcomes despite recent advances in therapy. Inexpensive and convenient 
therapies that show at least some evidence for effectiveness are not easily discounted.

SERUM CONCENTRATION AND EFFICACY AND SAFETY OF DIGOXIN 

BACKGROUND

Although digitalis glycosides have been used for 200 years in the treatment of HF, the serum 
digoxin concentration required for optimal clinical efficacy and acceptable toxicity remains 
controversial [25, 26]. Previous work has established that higher serum concentrations exert 
greater positive effects on left ventricular function [27–30]. However, there is no evidence 
that increasing dose to improve left ventricular function will result in greater clinical ben-
efit. In addition, digitalis appears to exert a favorable effect on abnormalities of autonomic 
tone present in HF, which calls into question a pure inotropic mechanism of action for the 
drug [9, 11]. Recent work suggests these favorable neurohormonal effects occur at low doses 
of digoxin, and that increasing the serum digoxin concentration beyond modest levels (i.e., 
0.7 ng/ml), may not produce additional neurohormonal benefits [13, 31].
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Digoxin in heart failure: an ancient potion? 9

SERUM CONCENTRATION IN PROVED AND RADIANCE

To determine whether there was a relationship between serum digoxin concentration, 
including serum digoxin concentrations typically regarded as low, and clinical efficacy of 
digoxin, combined data from the PROVED and RADIANCE studies were reviewed [32]. 
Major endpoints were worsening HF, change in left ventricular ejection fraction and tread-
mill time after randomization. The primary analysis investigated the relationship between 
serum digoxin concentration at randomization and these endpoints. A secondary categorical 
analysis compared these endpoints in patients who discontinued digoxin vs. patients who 
continued digoxin and had low (0.5 to 0.9 ng/ml), moderate (0.9 to 1.2 ng/ml) or high 
(1.2 ng/ml) serum digoxin concentrations at randomization. Multiple regression analysis 
failed to find a relationship between randomization serum digoxin concentration, consid-
ered as a continuous variable, and any study endpoint (all P > 0.236). Multivariable Cox 
analysis found that the risk of worsening HF was significantly less (all P <  0.02) for patients 
in any category of serum digoxin concentration who continued digoxin, as compared with 
patients withdrawn from digoxin (Figure 1.3). Specifically, patients in the low serum digoxin 
concentration category were significantly less likely than placebo patients to experience 
worsening HF during follow-up (P = 0.018). Overall, the beneficial effects of digoxin on com-
mon clinical endpoints were similar, regardless of serum digoxin concentration.

SERUM CONCENTRATION IN DIG TRIAL

Thus analysis of the PROVED and RADIANCE studies raised the possibility that low serum 
concentrations may be effective in improving outcomes as well as short-term clinical end-
points. The DIG trial provided the opportunity to prospectively address this issue in a 
retrospective, cohort analysis, since blinded serum concentrations were obtained in patients 
who returned for a 1-month follow-up visit. Several groups have had access to the trial data 
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Figure 1.3 Adjusted likelihood of worsening HF in the four patient groups defined by either withdrawal from 
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experience treatment failure than patients withdrawn from digoxin.
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10 Clinical Challenges in Heart Failure

and have reported various analyses on the relationship of serum concentration to outcomes. 
Rathore et al. [33] published a categorical analysis which only considered the men enrolled 
in the study. They divided men randomized to digoxin into three groups according to 
serum concentration obtained at the 1-month time point: 0.5 to 0.8 ng/ml (n = 572), 0.9 to 
1.1 ng/ml (n = 322) and ≥ 1.2 ng/ml (n = 277). These groups were compared with all male 
study patients randomly assigned to receive placebo (n = 2611). The primary endpoint in 
their cohort analysis was all-cause mortality over a mean follow-up of 37 months. Higher 
serum digoxin concentrations were associated with increased crude all-cause mortality 
rates (0.5 to 0.8 ng/ml, 29.9%; 0.9 to 1.1 ng/ml, 38.8%; and ≥ 1.2 ng/ml, 48.0%; P = 0.006). 
Serum concentration was still significantly related to mortality after adjustment for many 
clinical characteristics that could have differed among the study groups. Hazard ratios 
relative to placebo were as follows: serum concentrations 0.5 to 0.8 ng/ml, 0.80 (95% CI 
0.68–0.94), from 0.9 to 1.1 ng/ml, 0.89 (95% CI 0.74–1.08) and concentrations ≥ 1.2 ng/ml, 
1.16 (95% CI 0.96–1.39). 

We were addressing the issue of serum concentration in the DIG trial data at the same 
time with a different approach. Our analysis included both men and women and modeled 
the relationship between serum digoxin concentration and outcome in a continuous fashion 
to avoid potential bias from arbitrary cut-points. We found a highly significant (P < 0.001) 
linear relationship between serum concentration and the prespecified endpoints from the 
original DIG trial, death and the combined endpoint of death or hospitalization for worsen-
ing HF. Outcomes differed significantly for serum concentrations traditionally considered to 
be within the therapeutic range of the drug. Relative to placebo, serum digoxin concentra-
tions from 1.5 to 2.0 ng/ml were associated with a higher risk of death (HR 1.30; P = 0.002), 
and even more importantly, there was no effect on the combined endpoint of mortality and 
hospitalization for HF (HR 0.97; P = 0.715). In contrast, serum digoxin concentrations from 
0.5 to 0.9 ng/ml were associated with lower risk of death (HR 0.81; P < 0.001) and the com-
bined endpoint (HR 0.70; P < 0.001). 

RATIONALE FOR DOSE-RESPONSE

Accepting the limitations of retrospective analyses, these results concerning serum concen-
tration and efficacy resonated with ongoing concern about the potential risk of inotropic 
therapy in patients with HF. Adverse effects of chronic inotropic therapy could take several 
forms. Sudden death, most commonly due to presumed rapid ventricular arrhythmia, 
remains an important unresolved problem for patients with chronic HF [34]. Despite benefi-
cial hemodynamic effects, inotropic therapy for HF has been associated with an adverse 
effect on mortality, which appears to be related to an increased risk of sudden death. Data 
from several clinical trials support the concept that the risk of sudden death is dose- 
dependent – more likely to occur at higher doses [35–37]. Interestingly, data already sug-
gested that serum digoxin concentration > 1 ng/ml, but still within the therapeutic range, 
may sometimes be associated with classic digoxin toxicity [38–41]. There is substantial evi-
dence that even short-term therapy with inotropic agents in acute HF may be associated 
with worse outcomes [42]. Patients with ischemic heart disease may be at particular risk 
from inotropic agents. Analysis of 60-day outcomes from an acute HF trial demonstrated 
that patients randomized to milrinone who had an ischemic etiology of their HF were at 
increased risk of adverse events [43]. 

Taken together, results from PROVED and RADIANCE trials and the DIG study indicate 
that serum digoxin concentrations classically considered to be low are, in fact, effective in 
patients with HF due to systolic dysfunction [44]. Dosing patients to achieve serum digoxin 
concentrations < 1 ng/ml is suggested as an attractive strategy to achieve beneficial clinical 
effects and potentially avoid adverse effects due to inotropic or other unknown effects from 
this drug. 
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DIGOXIN IN WOMEN

A retrospective analysis of results from all patients with reduced ejection fraction in the DIG 
trial suggested that digoxin may increase mortality in women [45]. In the multivariable 
analysis, digoxin was associated with a significantly higher risk of death among women 
(adjusted HR for the comparison with placebo 1.23, with 95% CI 1.02–1.47), but it had no 
significant effect among men (adjusted HR 0.93, with 95% CI 0.85–1.02; P = 0.014 for the 
interaction).

A major concern about this conclusion was that serum digoxin concentration was not 
taken into account in this analysis [46]. Women had higher serum digoxin concentrations 
compared to men in the DIG trial, making it even more important to account for this fac-
tor. To address this issue, Adams et al. [47] performed a retrospective analysis with data 
from the DIG trial. The principal study analysis reviewed 4944 patients with HF due to 
systolic dysfunction who survived for at least 4 weeks (all 3366 patients randomized to 
placebo and the 1578 of 3372 patients randomized to digoxin who had serum concentra-
tion measured from 6 to 30 h after the last dose of study drug at 4 weeks). Continuous 
multivariable analysis demonstrated a significant, linear relationship between serum 
digoxin concentration and mortality in women (P = 0.008) and men (P = 0.002, P = 0.766 for 
gender interaction). Averaging HRs across serum concentrations from 0.5 to 0.9 ng/ml in 
women produced a HR for death of 0.8 (95% CI 0.62–1.13; P = 0.245) and for death or 
hospital stay for worsening HF of 0.73 (95% CI 0.58–0.93; P = 0.011). In contrast, serum 
digoxin concentrations from 1.2 to 2.0 ng/ml were associated with a HR for death for 
women of 1.33 (95% CI 1.001–1.76; P = 0.049). This retrospective analysis of data from the 
DIG trial indicates a beneficial effect of digoxin on morbidity and no excess mortality in 
women at serum concentrations from 0.5 to 0.9 ng/ml, whereas serum concentrations 
≥ 1.2 ng/ml seem harmful (Figure 1.4). For now, it seems prudent to administer digoxin in 
low doses in women with HF and to obtain a level once a steady state is reached to ensure 
that serum digoxin concentration is less than 1 ng/ml. In addition, traditional dosing 
strategies (0.25 mg daily) are associated with higher serum digoxin concentrations in 
women, likely due to their reduced body mass and the fact that lower serum creatinine 
can be associated with a greater reduction in renal function in women. Dosing is dis-
cussed in detail later but 0.125 mg daily, or often every other day, appears to be the best 
approach. 

SEVERITY OF HF AND RESPONSE TO DIGOXIN

EARLY WORK

An important small trial reported by Lee et al. [48] suggested that digoxin may be more 
effective in severe HF. In this study, patients who responded to digoxin had more severe 
HF of longer duration, greater left ventricular dilation and ejection-fraction depression, 
and a third heart sound. Analysis of a much larger cohort of PROVED and RADIANCE 
patients found that those with more congestive symptoms, worse ventricular function, 
greater cardiac enlargement, or who were not taking an ACE inhibitor were significantly 
more likely to worsen early after digoxin discontinuation [49]. An additional retrospective 
analysis of PROVED and RADIANCE data investigated whether patients with mild HF 
(defined by an objective prospective HF score) due to left ventricular systolic dysfunction 
were at risk of worsening during digoxin withdrawal [50]. Potential differences in treat-
ment failure, left ventricular ejection fraction and exercise capacity were evaluated in three 
groups of patients: those with mild HF (HF score ≤ 2) who were withdrawn from digoxin, 
those with moderate HF (HF score > 2) who were withdrawn from digoxin, and patients 
who continued receiving digoxin regardless of HF score. HF score at randomization did not 
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predict outcome during follow-up in patients who continued digoxin. Patients withdrawn 
from digoxin who had mild HF at baseline were at increased risk of treatment failure and 
had deterioration of exercise capacity and left ventricular ejection fraction compared with 
patients who continued digoxin (Figure 1.5, all P< 0.01). Patients withdrawn from digoxin 
who had moderate HF were significantly more likely to experience treatment failure than 
patients withdrawn from digoxin with mild failure or those who continued digoxin (both 
P < 0.05). This analysis suggested that patients with systolic left ventricular dysfunction 
were at risk of clinical deterioration after digoxin withdrawal despite mild clinical evidence 
of congestive HF, but that more severe HF at baseline further increased risk during with-
drawal.

Results from the DIG study have never been rigorously analyzed, including consider-
ation of serum concentration, in order to address the issue of clinical severity and efficacy 
of digoxin. A limited analysis based on the combined study endpoint of risk of death or 
hospitalization due to worsening HF included in the main report of this trial suggested that 
usual indicators of greater clinical severity (functional class, ejection fraction, cardiotho-
racic ratio) were modestly predictive of drug efficacy [22]. In contrast, a preliminary report 
suggests that patients with severe HF (clinical class IV) clearly derived greater benefit in 
this study [51]. In addition, results of an analysis conducted by the FDA based on the pre-
specified 2-year time point in the DIG study is of interest [52]. This modeling considered 
two combined endpoints, death and all-cause hospitalization and death and hospitaliza-
tion for worsening HF (Table 1.3). Results from this analysis suggested that clinical severity 
was strongly associated with benefit for the endpoint of death and all-cause hospitaliza-
tion. Taken as a whole, available results suggest the clinical severity of HF should be a 
factor when considering the use of digoxin in patients with HF due to systolic dysfunction. 
Hopefully, additional rigorous and comprehensive analyses of data from the DIG trial, tak-
ing into account serum concentration, will provide additional data to help clinicians select 
patients most likely to respond favorably to digoxin. 
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PRESERVED SYSTOLIC FUNCTION

Ahmed et al. [53] reported the effects of digoxin in patients with HF and preserved ejection 
fraction enrolled in the DIG trial. Their analysis reported in detail on this arm of the DIG 
trial that included 988 ambulatory, chronic HF patients in normal sinus rhythm with a left 
ventricular ejection fraction > 45% (median, 53%). During a mean follow-up period of 37 
months, 102 patients (21%) in the digoxin group and 119 patients (24%) in the placebo 
group experienced the primary combined outcome of HF hospitalization or HF mortality 
(HR 0.82; 95% CI 0.63–1.07; P = 0.136). Use of digoxin was associated with a trend toward 
a reduction in hospitalizations resulting from worsening HF (HR 0.79; 95% CI 0.59–1.04; 
P = 0.094), but also a trend toward an increase in hospitalizations for unstable angina (HR 
1.37, 95% CI 0.99–1.91; P = 0.061). Despite some favorable trends in the data, this arm of the 
DIG trial failed to establish clear evidence that digoxin had a favorable effect on natural 
history endpoints such as mortality and all-cause or cardiovascular hospitalizations in 
patients with HF and preserved ejection fraction. 
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OTHER ASPECTS OF DIGOXIN IN HF

DIGOXIN IN THE MULTI-DRUG APPROACH TO HF

By necessity, digoxin is widely used with thiazide and loop diuretics in the management of 
HF. These diuretics may cause hypokalemia and possibly hypomagnesemia that may 
increase the tendency for digoxin to cause serious arrhythmia. Thus adequate potassium 
and magnesium levels should be maintained when these agents are used together. In con-
trast, the combination of potassium sparing diuretics and digoxin avoids these electrolyte 
issues. In the Randomized Aldactone Evaluation Study of severe HF, spironolactone was 
particularly beneficial in patients receiving digoxin [54].

One major gap in the evidence from randomized trials of digoxin relates to concomitant 
beta blocker therapy. The efficacy of digoxin in patients with HF treated with beta blockade 
has not been investigated by placebo-controlled trials. Positive mortality trials with beta 
blockade have consistently included digoxin as a background therapy and there has been no 
convincing interaction with efficacy. Experimentally, severe arrhythmia secondary to digoxin 
is less likely when beta-blocker is present [55]. Digoxin may prevent or lessen the initial 
negative hemodynamic effects observed with beta-blocker therapy. In contrast, since many 
of non-inotropic effects of digoxin involve attenuation of the sympathetic nervous system, 
some have questioned if efficacy would persist when the adrenergic system was inhibited 
by beta blockade. Current guidelines do not make this assumption and digoxin remains a 
recommended therapy in patients taking beta blockade. 

PRECAUTION IN USING DIGOXIN

Digoxin should not be used when sinoatrial or second/third degree AV block is present, 
unless the patient has a pacemaker. Digoxin should not be used in Wolf-Parkinson-White 
syndrome, in patients with hypertrophic or restrictive cardiomyopathy or in amyloid heart 
disease. The drug should be used with caution in patients with thyroid disorders and acute 
coronary syndromes. If possible, digoxin should be discontinued a few days prior to elec-
trical cardioversion for atrial arrhythmias. If cardioversion is performed in patients receiv-
ing digoxin, potassium levels should be corrected and the lowest energy possible should 
be used.

PHARMACOLOGICAL ASPECTS

PHARMACOKINETICS AND PHARMACODYNAMICS

Because of the importance of serum concentration, knowledge of basic pharmacokinetics 
and pharmacodynamics of digoxin is important. Absorption occurs rapidly (1 to 3 h) and is 
followed by a 6 to 8 h tissue distribution phase. The great majority of digoxin (84%) is 
excreted unchanged in the urine so that renal function is a major consideration when dosing 
this drug. To illustrate this, the half-life of digoxin is 36 to 48 h when renal function is nor-
mal, but increases to 3.5 to 5 days in anuric patients. Patients with normal renal function will 
reach steady-state blood levels on oral maintenance dosing in approximately 7 days [56]. 

DOSING FOR IDEAL SERUM CONCENTRATION

The latest available evidence strongly suggests that digoxin should be administered to attain 
a serum concentration < 1 ng/ml. Many recommend a daily dose of 0.125 mg in patients 
with normal renal function not taking drugs that may increase digoxin concentration. Data 
from the DIG trial suggest that a dose of 0.125 mg daily of digoxin will result in a serum 
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concentration of approximately 0.7 ng/ml in such patients. A dose of 0.125 mg every other 
day will be more appropriate in HF patients who are elderly, female, or have renal impair-
ment. Even lower doses are indicated in patients with multiple characteristics that may 
produce higher than expected serum concentrations. In these patients, close monitoring of 
digoxin level is indicated and dosing may begin at 0.0625 mg one to three times a week. 
When patients are at steady-state, serum digoxin concentration should be measured at least 
12 to 24 h after the last dose of the drug (in the post-distribution phase) [57].

DRUG INTERACTIONS

A number of drugs may significantly affect the absorption, clearance, and volume of distri-
bution of digoxin and reduce or potentiate its effects [52, 58]. A number of these agents, 
including quinidine, verapamil and amiodarone, frequently produce a significant increase 
in serum concentration, which may occur rapidly or only after a few weeks. The dose of 
digoxin is typically reduced approximately 50% when used with these medications, but 
serum levels should be followed closely as substantial individual variation is common. Oral 
digoxin is partially inactivated by colonic bacteria in some patients, so certain antibiotics 
may increase digoxin absorption in these individuals.

INDICATIONS FOR DIGOXIN THERAPY

An individual opinion is given here based on a synthesis of key trial results, retrospective 
cohort analyses that have emerged to clarify these studies, and discussions with expert col-
leagues [58–60]. Practice guidelines provide consensus insight concerning the use of digoxin 
in HF [61]. Digoxin is indicated in patients with HF and reduced left ventricular ejection 
fraction who continue to have symptomatic HF despite background therapy with ACE 
inhibitors and beta blockers. Digoxin is also indicated in patients with HF and atrial fibril-
lation and may be useful in patients with this arrhythmia in the absence of HF. Digoxin 
should be avoided or used with extreme caution in patients with severe conduction abnor-
malities or acute coronary syndromes. Available data provide invaluable insights concern-
ing choice of HF patient and appropriate serum concentration for best efficacy of the drug. 
Digoxin is particularly useful in patients with moderate to severe symptoms, low left ven-
tricular ejection fraction, or cardiac enlargement by chest X-ray. A low dose resulting in a 
serum concentration of < 1 ng/ml should be used when treating either HF or atrial fibrilla-
tion. Serum concentration may trend higher in women with usual dosing, so extra care to 
achieve concentrations < 1 ng/ml is needed. The drug is likely effective at the lowest tradi-
tional serum concentration in the therapeutic range, 0.5 ng/ml, which may be an appropri-
ate target when treating patients who are at risk for higher serum concentrations (elderly, 
renal insufficiency, specific medications) on currently recommended doses. Digoxin remains 
a low cost, convenient medication for HF, which much evidence suggests can have impor-
tant benefits on outcome, if dosed correctly.
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