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Summary The use of digitalis in congestive heart failure with normal sinus rhythm is
still debated. While older uncontrolled, withdrawal studies from 1969 to 1983
provided incomplete data, with poorly documented clinical status and poor
haemodynamic and exercise data, some patients did improve clinically when
digitalis treatment was utilised.

Randomised, double-blind, placebo-controlled trials from 1977 to 1991 were
of better quality but still short in duration, with small sample sizes and still with
incomplete haemodynamic and exercise data. In 1993, the Prospective Random-
ised Study of Ventricular Failure and Efficacy of Digoxin (PROVED) and Ran-
domised Assessment of Digoxin on Inhibitors of the Angiotensin-Converting
Enzyme (RADIANCE) study, followed in 1997 by the Digitalis Investigation
Group (DIG) trial, documented that digoxin prevents clinical deterioration and
hospitalisations, and improves exercise tolerance and left ventricular function,
but has no effect on survival.

A substudy of the DIG trial showed no detrimental effect of digoxin on survival
in patients with ejection fraction (EF) of >45%, i.e. left ventricular (LV) diastolic
dysfunction. Therefore, digoxin appears to be the first inotrope with no detrimen-
tal effect on survival in heart failure. In addition, the neurohormonal effect of
digoxin has been documented, and is possibly present with dosages even lower
than 0.25mg. Finally, it has been determined that patients with only mild heart
failure do obtain documented benefit from administration of this drug.
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Ever since the introduction of digitalis by Wil-
liam Withering in 1785,[1] physicians have been
debating its value in congestive heart failure with
normal sinus rhythm. Such a debate was that be-
tween two eminent clinicians, Sir James MacKen-
zie and Henry Christian, co-editors of Oxford Med-
icine, in 1922.[2] Sir James advocated the use of
digitalis only in heart failure with associated atrial
arrhythmias. Dr Christian argued that its effective-
ness appeared to be irrespective of whether or not
the pulse was irregular. Dr Arthur Hollman, biog-
rapher of Sir Thomas Lewis, was interviewed on
American College of Cardiology ACCEL tape in
June 1997 and said that Sir Thomas ‘did not believe
digitalis was a stimulant in heart failure with nor-
mal sinus rhythm’.[3] In this interview Dr Holl-
man’s interpretation was that ‘since the debate has
continued for so long, digitalis must not be very
valuable’.

Poole-Wilson and Robinson[4] considered di-
goxin a redundant drug in congestive heart failure
in 1989, essentially superseded by angiotensin con-
verting enzyme (ACE) inhibitors. After their re-
view of 14 uncontrolled and 6 controlled clinical
trials, they concluded that: (a) digoxin exerts a
small, long term positive inotropic effect; (b) if no
other drugs were available, digoxin would still be
used but only in the more severe cases, not in mild
heart failure; (c) risks exceed advantages, espe-
cially post myocardial infarction. As late as 1995,
Dr Karl Weber reflected in a review article: ‘I per-
sonally do not use digoxin for heart failure, except
when there is associated atrial fibrillation’.[5]

No one argues over the effectiveness of digitalis
in slowing atrioventricular (AV) conduction and
the ventricular rate with atrial fibrillation, espe-
cially at rest. The purpose of this review is to dis-
cuss the current status of digitalis in heart failure
with normal sinus rhythm.

1. Older Uncontrolled Withdrawal Trials,
1969-1983

The best reviews of these early trials are by
Gheorghiade and Zarowitz,[6] Tauke et al.[7] and
Gheorghiade.[8] The conclusion that can be reached

is that some patients respond clinically and some
do not, but objective data are few and incomplete.
For example, the earliest study by Starr and
Luchi[9] showed that when digitoxin was with-
drawn from 11 women aged 73 to 94 years, some
without heart disease, no clinical deterioration was
observed. Dall[10] studied 80 patients, aged 58 to
99 years, some with atrial fibrillation and no heart
disease, and no symptomatic deterioration was ob-
served in approximately 75% of the patients with
digoxin discontinuation.

The number of patients in these early trials
ranged from 6 to 80, with 10 trials having 24 pa-
tients or less.[9-22] Three trials had patients with
atrial fibrillation mixed in with individuals in sinus
rhythm; duration of follow-up was less than 4
months in all cases, and only 2 trials determined
ejection fraction.[9-13] Our conclusions are that: (a)
no attempt was made to differentiate systolic ver-
sus diastolic left ventricular (LV) dysfunction; (b)
there are incomplete data for heart failure in many,
i.e. lack of documentation of symptoms and signs
of heart failure; (c) there are no serial haemodyna-
mic or exercise data; (d) there is wide variation in
study design; and (e) therefore, we are left with the
impression that digoxin may or may not help pa-
tients with heart failure with normal sinus rhythm.
The data are simply too incomplete.

2. Randomised, Double-Blind,
Placebo-Controlled Trials, 1977-1991

Gheorghiade and Zarowitz[6] and Yusuf et al.[23]

reviewed 10 trials without a direct comparison of
digoxin with an ACE inhibitor (table I). The diffi-
culties in interpreting the data are exemplified by
the trial by Dobbs et al.[24] in which 46 patients
were studied, 13 of whom had atrial fibrillation. In
a trial by Fleg et al.[25] only 1 of 30 patients was
described as having a third heart sound gallop. No
change in clinical status and/or exercise duration
occurred with withdrawal of digoxin in a crossover
study design.

Lee et al.[26] described 25 patients, but 10 of
these (40%) had a heart failure score of 0 at base-
line; 6 had an ejection fraction (EF) of >50%, and
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4 had hypertrophic cardiomyopathy. However, in
the group of 19 patients with an EF of <43%, 14
improved with digoxin. Potentially the greatest
benefit of this article was in identifying a subset of
patients with a better response: a higher heart fail-
ure score, presence of a third heart sound gallop,
LV enlargement and depressed EF. This informa-
tion is still pertinent in 1998.

In reviewing all 10 trials as a group,[24-33] we see
that duration of follow-up was 4 to 24 weeks; num-
ber of patients varied from 12 to 433, with a total
of 1058; and no New York Heart Association
(NYHA) class IV patients were included. LV ejec-
tion fraction was known in 4 trials, fractional short-
ening in 3, and no LV function data in 3. Vasodila-
tors were used by 0 to 55% of the patients; exercise
time increased in 2 of the 10 studies, did not im-
prove in 4, and was unknown in 4.

Summarising the effects in all 1058 patients,
heart failure worsened on digoxin therapy in 10%
of the patients; however, this value reached 30% in

those given placebo. Jaeschke et al.[34] reviewed
the same data (but included only 7 studies) and by
meta-analysis concluded that 1 in 9 patients with
heart failure and sinus rhythm derive a clinically
important benefit.

Cardiac related deaths occurred in a total of 12
patients in both the digoxin and placebo groups.
However, it should be noted that the clinical event
rate was so low in the placebo group, and the du-
ration of follow-up so short, that no conclusions
can be drawn regarding mortality in these trials and
all previous trials.

On the positive side, these trials showed that
digoxin improves LV function and prevents clini-
cal deterioration in some patients, even in mild to
moderate heart failure, especially in studies with
>100 patients in whom the heart failure is well
documented/characterised.

Between 1987 and 1991, 5 randomised, double-
blind trials were reported in patients with heart fail-
ure in sinus rhythm comparing digoxin with ACE

Table I.  Randomised, double-blind, placebo controlled trials (no ACEI) of digoxin in heart failure

Reference Year No. of 
pts

Duration
(wk)

NYHA
class

Clinical
benefit

Comment

Dobbs et al.[24] 1977  46  6 NA Yes Included pts in atrial fibrillation; clinical
improvement occurred with digoxin, clinical
worsening associated with placebo

Fleg et al.[25] 1982  30 12 II/III No No clinical improvement but LVED dimension
decreased with digoxin

Lee et al.[26] 1982  25  9 II/III Yes Clinical improvement and decrease in heart size
with digoxin

Taggart et al.[27] 1983  22 12 I/III No No clinical improvement but systolic time interval
improved with digoxin

Guyatt et al.[28] 1988  20  7 II/III Yes Improved symptoms, cardiothoracic ratio,
fractional shortening and exercise capacity with
digoxin

Captopril-Digoxin
Multicenter Research
Group[29]

1988 196 24 II/III Yes Improvement in EF, clinical status and exercise
capacity

German and Austrian
Xamoterol study Group[30]

1988 433 12 I/III Yes Symptomatic improvement

Dibianco et al.[31] 1989 230 12 II/III Yes Clinical improvement with increase in EF and
exercise duration

Pugh et al.[32] 1989  44  8 NA Yes Increase in exercise capacity

Fleg et al.[33] 1991  12  4 II/III No Increase in EF with exercise but no impact on
resting EF or exercise duration

Abbreviations: ACEI = angiotension-converting enzyme inhibitor; EF = ejaction fraction; LVED = left ventricular end diastolic; NA = not
available; NYHA = New York Heart Association.
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inhibitors directly.[35-39] The first trial was reported
in 1987 by Alicandri et al.[35] Only 16 patients with
NYHA class II-III heart failure were included, with
a study duration of only 4 weeks. Exercise time
increased in both digoxin (27%) and captopril
(35%) groups; no ejection fraction data were pro-
vided. This was the first trial to show a decrease in
plasma noradrenaline (norepinephrine) levels with
digoxin.

The largest trial was the Captopril-Digoxin
Multicenter Trial reported in 1988.[29] This in-
cluded 300 patients (104 on captopril, 96 on di-
goxin and 100 on a placebo). The captopril dosage
goal was 25mg 3 times daily while digoxin dosage
ranged from 0.125 to 0.375mg daily. With adjust-
ment of dose, serum digoxin concentration was
maintained between 0.7 and 2.5 µg/L. 83% of the
patients were male, with an average age of 56.8
years; ischaemic heart disease was the aetiology of
heart failure in 62%; average EF was 25%. Most of
the patients were NYHA class II or class III heart
failure, with no class IV patients. The key results
are summarised in table II. Note equal benefit for
captopril and digoxin, except digoxin was associ-
ated with better EF improvement.

Therefore, by 1992 it was reasonably well
proven that digoxin improves exercise tolerance
and EF. However, the ACE inhibitor trial data were
now accumulating and showing that ACE inhibi-
tors have a major impact on improved survival.
Some of the randomised, double-blind, placebo-
controlled trials were still inadequate, with incom-

plete data, an incoherent or inconsistent definition
of congestive heart failure was present in some, and
there was still no distinction between systolic and
diastolic LV dysfunction. These design problems
led to the current era and the need for more system-
atically developed and monitored trials, such as the
Prospective Randomised Study of Ventricular Fail-
ure and Efficacy of Digoxin (PROVED), Random-
ised Assessment of Digoxin on Inhibitors of the
Angiotensin-Converting Enzyme (RADIANCE)
and Digitalis Investigation Group (DIG) trials.

3. The PROVED Trial of 1993

Even though the PROVED[40] trial is less appli-
cable to clinical medicine and therapy in 1998,
since patients on ACE inhibitor therapy were ex-
cluded, it should be discussed for comparison with
the RADIANCE trial, which was a companion trial
with identical methodology except for the con-
comitant use of an ACE inhibitor.

32 centres randomised 88 patients (digoxin 42,
placebo 46) after an 8-week single-blind baseline
phase, followed by a 12-week double-blind with-
drawal phase.[40] Each centre enrolled 1 to 11 pa-
tients (median 2), 29 enrolling fewer than 4 pa-
tients. Baseline data are outlined in table III.

Table II.  Captopril-Digoxin Multicenter Trial[29]

Captopril
(n = 104)

Digoxin
(n = 96)

Placebo
(n = 100)

Symptoms improved (↓
NYHA Class) [%]

41* 31 22

No. of hospitalisations/ER
visits

17 15 29

↑ Exercise time (sec) 82** 54 35

Improved EF (%) 1.8 4.4† 0.9

Abbreviations and symbols: EF = ejection fraction; ER = emergency
room; NYHA = New York Heart Association; ↑ = increase; ↓ = de-
crease; * p < 0.01 vs. placebo, ** p < 0.05 captopril vs placebo;
† p < 0.01 digoxin vs placebo and p < 0.05 digoxin vs captopril.

Table III.  Key baseline data of PROVED[40] and RADIANCE[41] trials

PROVED RADIANCE

No. of patients randomised 88 178

Age (y) 64 ± 2 60

Men/women 75/13 136/42

NYHA class II/III 73/14 130/48

LVEF (%) 27-29 26-28

LVED dimension (mm) 67 ± 1 68

Cardiomyopathy (%)

 ischaemic 63 57

 primary 37 36

Serum digoxin concentration (µg/L) 1.1-1.2 1.1-1.2

Digoxin dosage (mg/day) 0.375 0.37-0.40

Abbreviations: LVED = left ventricular end diastolic; LVEF = left
ventricular ejection fraction; NYHA = New York Heart Association;
PROVED = Prospective Randomized Study of Ventricular Failure
and Efficacy of Digoxin trial; RADIANCE = Randomized Assess-
ment of Digoxin on Inhibitors of the Angiotensin-Converting Enzyme
trial.
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Significant worsening of exercise duration oc-
curred at 12 weeks in patients on placebo (median
decrease of 96 seconds) versus a slight increase in
exercise duration measured in patients on digoxin
(4.5 seconds, p = 0.003); however, no significant
difference was documented by the 6-minute walk
test. LV ejection fraction changes were small but
statistically significant: baseline EF in the placebo
group was 29 ± 2% and decreased to 26 ± 2%;
baseline EF was 27 ± 1% in the digoxin group and
increased to 29 ± 2%, p = 0.016. A smaller number
of treatment failures was reported in the digoxin
group (table IV). No clinical digoxin toxicity was
identified.

4. The RADIANCE Study of 1993

43 centres in the US and Canada randomised
178 patients (placebo 93, digoxin 85) with New
York class II to class III heart failure, EF <35%, LV
end diastolic dimension per echocardiograph
>60mm and exercise duration by the modified
Naughton protocol 2 to 14 minutes, despite treat-
ment with an ACE inhibitor, diuretic and digoxin
for 3 months.[41] See table III for key baseline char-
acteristics. Treatment failures are summarised in
table IV. Only 1 episode of digoxin toxicity oc-
curred.

The placebo group deteriorated and the digoxin
group remained stable with regard to exercise tol-
erance by maximal treadmill time, with a differ-
ence of 43 seconds between the groups, p = 0.033.
Utilising the 6-minute walk test, a similar result
was observed with a difference of 41m, p = 0.01.

On the other hand, objective changes in the car-
diac/thoracic ratio per chest x-ray and the LV size
and function data by echocardiography were not
impressive for the digoxin group. Specifically, LV
ejection fraction decreased in the placebo group
from 30 to 26% versus 27 to 26% in the digoxin
group. LV end diastolic dimension per echocardio-
graph increased in the placebo group from 66 to
68mm; the digoxin group changed from 69 to
68mm. Including both the PROVED and RADI-
ANCE trials, it does appear that an objective ben-
efit of digoxin is real for improvement of symp-
toms and exercise duration, and further, that
digoxin prevents deterioration of ejection fraction.
The RADIANCE trial, with use of an ACE inhibi-
tor, supports a continuing role for digoxin in cur-
rent clinical practice, even in patients with only
class II or mild congestive heart failure. Further, it
should be noted that the dose of digoxin in both the
PROVED and RADIANCE trials was a mean of
0.375mg, which is high by 1998 standards. Mor-
tality data were still totally incomplete and un-
known, which led to the DIG Trial.

5. The DIG Trial of 1997

The DIG trial was a pure morbidity and mortal-
ity trial, with no exercise tolerance data and no
follow-up ejection fractions.[42]

302 clinical centres in the US and Canada
randomised 6800 patients (3397 digoxin, 3403 pla-
cebo), with a mean follow-up period of 37 months
(range 28 to 58 months). On final analysis, 94% of
the patients were taking an ACE inhibitor and

Table IV.  Treatment failures in the PROVED[40] and RADIANCE[41] trials. Figures in parentheses are percentage of total of patients in each arm

PROVED RADIANCE

placebo digoxin placebo digoxin

n = 46 n = 42 n = 93 n = 85

Increased need for diuretics 10 (22) 4 (10) 11 (12) 2 (2)

ER visits for CHF 6 (13) 3 (7) 3 (3) 0

Hospitalisation for CHF 1 (2) 0 (0) 9 (10) 2 (2)

Death 1 (2) 1 (2) 0 2 (2)

Total 18 (39) 8 (19) 23 (25) 6 (7)

Abbreviations: CHF = congestive heart failure; ER = emergency room; PROVED = Prospective Randomized Study of Ventricular Failure
and Efficacy of Digoxin trial; RADIANCE = Randomized Assessment of Digoxin on Inhibitors of the Angiotensin-Converting Enzyme trial.
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81.5% a diuretic. Key baseline data are sum-
marised in table V.

In the digoxin group, 17, 70 and 10.5% of pa-
tients received daily doses of 0.125mg, 0.25mg and
0.375mg, respectively. The allowed target serum
digoxin concentration was wide (0.5 to 2.0 µg/L),
which complicates interpretation of trial results.

No difference was found in all-cause mortality
between digoxin and the placebo group (see table
VI). In addition, no difference was documented in
overall cardiovascular mortality. However, there
was a strong trend to less mortality from worsening
heart failure in the digoxin group (p = 0.06). Some

concern was raised by ‘other cardiac’ mortality fig-
ures, which possibly referred to a cardiac arrhyth-
mia: 508 digoxin patients (15%) versus 444 pla-
cebo patients (13%) [relative risk (rr) = 1.14; 95%
confidence interval (CI) 1.01 to 1.30]. Yet this was
not confirmed by the number of patients with car-
diovascular hospitalisations, documented ventric-
ular arrhythmia and cardiac arrests: 142 digoxin
recipients versus 145 placebo patients.

The number of patients hospitalised for cardio-
vascular reasons, especially for worsening heart
failure, was significantly less in the digoxin group
(p < 0.001). No difference was identified in the
incidence of myocardial infarction, unstable an-
gina or coronary revascularisations. The risk of
death from any cause and hospitalisation for wors-
ening heart failure was significantly lower in the
digoxin group (rr = 0.85; 95% CI 0.79 to 0.91).
Combining the risk of death and/or hospitalisation
secondary to worsening heart failure showed that
the digoxin rate was significantly lower (p < 0.001;
rr = 0.75, 95% CI 0.69-0.82).

Subset analysis is demonstrated in table VII.
Noteworthy is the fact that the effect of digoxin is
greater in patients with nonischaemic cardiomyop-
athy, EF <25%, larger heart size and more symp-
tomatic class III-IV status. However, digoxin was
still effective in the 25 to 45% EF group, and in
those with ischaemic aetiology, smaller heart size
and NYHA class I-II status.

Table V.  Baseline data from the Digitalis Investigation Group (DIG)
trial[42]

Placebo 
(n = 3403)

Digoxin 
(n = 3397)

Age (y) 64.0 63.8

Female (%) 24.7 24.7

Race, nonwhite (%) 14.6 14.3

EF (%) 31.9 32.0

NYHA class (%)

 I 14.0 14.4

 II 54.8 54.1

 III 29.3 29.5

 IV 1.9 2.0

History of (%)

 myocardial infarct 64.7 65.3

 current angina 27.1 26.4

 hypertension 45.0 45.8

Abbreviations: EF = ejection fraction; NYHA = New York Heart
Association.

Table VI. Digitalis Investigation Group (DIG) trial.[42] Figures in parentheses are percentage of total in each arm or 95% confidence intervals (CI)

Placebo 
(n = 3403)

Digoxin 
(n = 3397)

Relative risk

Cause of Death
All 1194 (35.1) 1181 (34.8) 0.99

Cardiovascular 1004 (29.5) 1016 (29.9) 1.01

Worse CHF  449 (13.2)  394 (11.6) 0.88 (0.77-1.01)

Reason for hospitalisation
No. of patients hospitalised 2282 (67.1) 2184 (64.3) 0.92 (0.87-0.98)

Cardiovascular 1850 (54.4) 1694 (49.9) 0.87 (0.81-0.93)

Worse CHF 1180 (34.7)  910 (26.8) 0.72 (0.66-0.79)

Ventricular arrhythmia, cardiac arrest 145 (4.3) 142 (4.2)

Abbreviations: CHF = congestive heart failure.
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Reassuringly, the ancillary trial of 988 patients
with diastolic dysfunction (EF >45%) showed no
increased death rate with digoxin therapy, which
was a significant concern of clinicians. In addition,
the combined death rate and hospitalisations sec-
ondary to worsening heart failure showed a defi-
nite trend in favour of digoxin: rr = 0.82; 95% CI
0.63 to 1.07.

It is pertinent to note that 45% of this entire trial
was made up of patients with a history of systemic
hypertension, and the cause of heart failure was
designated as hypertensive heart disease in 8.0 to
9.2% of the total group. Therefore, we can postu-
late that a significant number of these hypertensive
patients are in the ancillary trial, which would ex-
plain the percentage of patients with diastolic dys-
function, but those data are not available for re-

view. No neurohormonal data were measured in
either the total or ancillary trial patients.

In summary, reviewing all previous clinical tri-
als, we feel that the clinician can be comfortable in
utilising digoxin in congestive heart failure with
normal sinus rhythm. It does not improve survival,
but it will prevent symptomatic deterioration, im-
prove exercise tolerance and reduce the hospi-
talisation rate and the increased cost of hospitalisa-
tion.

In addition, digoxin is the first inotropic agent
shown not to worsen survival, even in patients with
diastolic dysfunction. Possible reasons why di-
goxin does not have an increased mortality rate, as
do other inotropes, are as follows:

1. Different mechanism of action at the cellular
level.

2. Most inotropes downregulate the β receptors,
while digoxin has the potential advantage of up-
regulating β receptors.[4]

3. The neuromodulator effect of digoxin (de-
creased sympathetic activity with more dominant
parasympathetic action).

6. Inotrope Versus 
Neurohormonal Modulator

Digitalis has been shown to increase the rate of
rise in intraventricular pressure during isovolumic
systole while maintaining a constant heart rate and
aortic pressure. In the 1960s, Sonnenblick et al.[43]

showed that digitalis shifted the force-velocity
curve upwards and to the right in the isolated car-
diac muscle preparation. Bedside correlation
shows a shifting of the LV function curve (Frank-
Starling) upwards and to the left, so that more
stroke work and cardiac output is generated by a
given LV end diastolic pressure.

As mentioned above, Poole-Wilson and Robin-
son[4] suggested that digitalis has only a ‘small’
inotropic effect. Braunwald[44] and Van Veldhuisen
et al.[45] have recently written that digoxin stimu-
lates myocardial contractility ‘moderately’. Ra-
himtoola and Tak[46] recently summarised the ben-
eficial haemodynamic benefits of digoxin:

Table VII.  Digitalis Investigation Group (DIG) trial[42] subset data:
effect of digoxin on the frequency of death or hospitalisation due to
worsening congestive heart failure. Figures in parentheses are
percentage of total in each arm or 95% confidence intervals (CI)

Placebo Digoxin Relative
risk

Total trial
Ejection fraction

 0.25-0.45% 735/2273
(32.3)

613/2270
(27.0)

0.80
(0.72-0.89)

 <0.25% 556/1130
(49.2)

428/1127
(38.0)

0.68
(0.60-0.77)

Cause of heart failure

 ischaemic 873/2398
(36.4)

731/2405
(30.4)

0.79
(0.72-0.88)

 nonischaemic 413/996
(41.5)

301/983
(31.1)

0.67
(0.58-0.77)

Cardiothoracic ratio

 <0.55 624/2233
(32.4)

600/2220
(27.0)

0.79
(0.71-0.88)

 >0.55 567/1170
(48.5)

441/1176
(37.5)

0.69
(0.61-0.78)

NYHA class

 I-II 739/2296
(32.2)

601/2275
(26.4)

0.78
(0.70-0.87)

 III-IV 552/1105
(50.0)

438/1118
(39.2)

0.70
(0.61-0.79)

Ancillary trial
Deaths 116/496 115/492

Abbreviations: NYHA = New York Heart Association.

Digoxin Use in CHF 753

 Adis International Limited. All rights reserved. Drugs 1998 Jun; 55 (6)



• at rest–decreased right atrial and wedge pres-
sure and increased cardiac output; and

• exercise-decreased RA and wedge pressure, in-
creased C0 and LV stroke–work index.
Probably the best recent study utilising intravas-

cular measurements was by Gheorghiade et al.[47]

with their intravascular study of 11 patients. In 6 of
11 patients the cardiac index increased with the IV
administration of digoxin 1mg from 2.6 ± 0.7
L/min/m2 to 3.3 ± 0.6 L/min/m2; pulmonary capil-
lary wedge pressure decreased from 24 ± 7 to 17 ±
4mm Hg; and LV ejection fraction increased from
21 ± 13% to 29 ± 11%. It is noteworthy that the
responsive patients had more severe heart failure,
with a third sound gallop and lower EF.

However, with review of published trials, with
emphasis on the Captopril-Digoxin and RADI-
ANCE trials, documentation of improved ejection
fraction is not that impressive with digoxin. It also
appears that this inotropic effect is mainly ob-
served at higher digoxin doses such as 0.375mg per
day.

The neurohormonal data with digoxin started
with the publication of a small study of 16 patients
by Alicandri et al. in 1987.[35] They were the first
to show a decrease in plasma noradrenaline level
with digoxin. In the background was also a grow-
ing database from ACE inhibitor trials and im-
proved survival, which clearly supported the neu-
rohormonal hypothesis.[48] More recently, the
newer data with β-blocking drugs, especially car-
vedilol,[49] have supported the improved survival
with both blunting of the renin-angiotensin aldo-
sterone and sympathetic nervous systems.

Ferguson and colleagues[50,51] first demon-
strated direct suppression of sympathetic nerve ac-
tivity by digoxin in human skeletal muscle. Two
studies reported in 1995 (Krum et al.[52] and
Brouwer et al.[53]) showed an improvement in au-
tonomic function by improved heart rate variability
measurements, in essence causing a decreased
sympathetic and increased parasympathetic effect,
which is the desired result. A lower heart rate with
more variable RR intervals on the ECG correlates
with better survival. In addition, Krum et al.[52]

showed that the plasma noradrenaline level de-
creased significantly after digoxin from 552 ± 80
to 390 ± 37 µg/L (42%) [p < 0.05]. Decrease in
plasma noradrenaline was greatest in patients who
had the highest level before treatment.

The Dutch Ibopamine Multicenter Trial (DIMT)
studied 161 patients, 80% of whom were in NYHA
class II status, for 6 months with either ibopamine
(n = 53), digoxin (n = 55) or placebo (n = 53).[54]

After 6 months, plasma noradrenaline level in-
creased in the placebo group (+62 ng/L, p = 0.018),
but decreased in the digoxin group (–106 ng/L, p =
0.004). The ibopamine group showed no signifi-
cant change (–13 ng/L).

What is the mechanism of the neurohormonal
modulation? The usual explanation is improve-
ment of the impaired baroreceptor reflexes in heart
failure, again with the end result of decreased sym-
pathetic and improved vagal/parasympathetic ac-
tivity. But it appears that it is not just enhanced
vagal tone secondary to improved haemodynamic
status, since direct recording of sympathetic nerve
activity shows a rapid decrease in sympathetic
activity preceding observed haemodynamic ac-
tions.[49] Possible explanations of digoxin activity
put forward to explain the increased parasympa-
thetic activity measured after administration in-
clude: (a) increased sensitivity of arterial baro-
receptor reflex, i.e. augmentation of afferent
signals; (b) a central action to increase efferent
vagal signals; (c) an alteration of the electrical ex-
citability of efferent vagal fibres and impulse trans-
mission in autonomic ganglia; and (d) an increase
in the sensitivity of cardiac fibres to acetylcho-
line.[55]

Thus, the discussion centres around whether
digoxin is predominantly an inotrope, a neuro-
hormonal modulator, or both. The final answer re-
garding dominance or how much of each is un-
known. The best answer is probably that by
Gheorghiade et al.,[56] in which they postulate that
‘it is possible that low dose digoxin attenuates the
neurohormonal activation without improving the
haemodynamics, whereas a higher dose improves
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haemodynamics without having a modulating ef-
fect on neurohormones’.

7. Is a Higher Digoxin Dose Necessary?

First, it is well known from the pre–ACE inhib-
itor therapy era, when larger doses of digoxin were
utilised, that the incidence of digitalis toxicity was
much higher and problematic. Currently, when
digoxin dosages of 0.125 to 0.25 mg/day are
utilised, recognised clinical digoxin toxicity is
much less common but no dose-response curve has
ever been established in the intact human heart
with normal sinus rhythm.

It should be remembered that in the PROVED
and RADIANCE trials, the mean dosage of dig-
oxin was 0.375 mg/day. However, Gheorghiade et
al.[56] performed a study on a subset of the RADI-
ANCE trial patients and their report is pertinent to
the argument that a lower dosage may be all that is
necessary. In their study of 18 patients, increasing
the mean daily digoxin dose from 0.2 ± 0.7 to 0.39
± 0.11 mg increased mean serum digoxin concen-
trations from 0.67 ± 0.22 to 1.22 ± 0.35 µg/L. 3
patients took 0.25 mg/day, 8 received 0.375
mg/day and 7, 0.5 mg/day. With the higher dos-
ages, LV ejection fraction increased from 23.7 ±
9.6 to 27.1 ± 11.8%, p = 0.007. However, no sig-
nificant clinical improvement was documented
with no improvement in the heart failure score or
exercise time (or serum noradrenaline levels), al-
though it must be noted that only 18 patients were
studied.

Slatton et al.[57] recently described their experi-
ence with 19 men aged 64 ± 12 years; 13 patients
were NYHA class II and 6 were class III, with a
mean EF of 28 ± 9% (range 14 to 43%). 18 of 19
patients were on an ACE inhibitor, 1 patient was
taking a hydralazine and isosorbide dinitrate com-
bination, and 17 of 19 patients were receiving a
diuretic. No digoxin had been utilised for the pre-
vious 3 months. The patients then were given dig-
oxin 0.125mg for 2 weeks, followed by 0.25mg for
2 weeks. Heart rate decreased from 87 beats/min at
baseline to 82 and 81 beats/min in those on the
0.125mg and 0.25mg dosages, respectively. No

significant change occurred in LV end diastolic di-
mension by echocardiography. However, when
percentage fractional shortening was corrected for
heart rate and adjusted for end systolic wall stress,
significant improvement (upwards shift) occurred
with the lower dosage but no further improvement
was associated with the 0.25mg dosage. No sig-
nificant change occurred in plasma noradrenaline
levels with either dosage. They concluded that di-
goxin 0.25mg daily provided no additional haemo-
dynamic or autonomic benefit over 0.125mg daily
in patients with mild-to-moderate heart failure.

At a recent meeting of the International Society
of Heart Failure, Gheorghiade[58] reported the pre-
liminary results of the DIG trial substudy: a corre-
lation of increased serum digoxin concentrations
with increased mortality. Specifically, when serum
digoxin concentrations were <1.0 µg/L, mortality
was 30%; concentrations >2.0 µg/L showed a mor-
tality of 63%. No renal function or age data were
available. It should be emphasised that these data
are more hypothesis-generating than conclusive.

In addition, subanalysis of the Prospective
Randomised Milrinone Survival Evaluation (PRO-
MISE) study showed that serum digoxin concen-
trations >1.1 µg/L were highly predictive of in-
creased mortality compared with concentrations of
less than 1.1 µg/L.[59]

Therefore, in agreement with earlier trial data,
higher digoxin doses provide improved haemo-
dynamic results without effect on serum noradren-
aline levels. Moreover, the higher the dosage and
serum digoxin concentration, the higher the risk
and potential mortality. Our interpretation is that
the average dosage utilised today should be 0.25
mg/day for the average-sized patient under the age
of 65, and 0.125 mg/day for the smaller, older pa-
tient with poorer renal function (serum creatinine
>1.5 mg/dl).

8. Should Digoxin Be Used in Only
Moderate To Severe Heart Failure?

A review of the current clinical practice guide-
lines as published by the US Agency for Healthcare
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Policy and Research (AHCPR) in 1994[60] reached
the following conclusions:

1. Digoxin can prevent clinical deterioration of
patients with heart failure and improve patients’
symptoms (strong evidence on literature review).

2. Digoxin should be used routinely in patients
with severe heart failure, and added to the therapy
of patients with mild to moderate failure who re-
main symptomatic after optimal management with
ACE inhibitors and diuretics (strength of evidence
on literature review much weaker). The data re-
viewed included the RADIANCE trial but not the
DIG trial, in which it will be recalled that digoxin
showed greater effect in NYHA class III-IV pa-
tients, but still elicited a significant improvement
even in the NYHA class I-II patients. The
PROVED, RADIANCE and DIG trials all included
>50% class II or mildly disabled patients. The
DIMT investigators also showed a positive benefit
with digoxin as monotherapy in mild heart fail-
ure.[61]

The American College of Cardiology/American
Heart Association Task Force Report on Guidelines
for Evaluation of Management of Heart Failure
was published in November, 1995.[62] Their con-
clusion with strong evidence was that digoxin
should be used in patients who do not adequately
respond to ACE inhibitors and diuretics. Moderate
evidence was found in the literature for digoxin use
in all patients with heart failure due to systolic dys-
function.

9. Conclusion

In summary, we can conclude that even NYHA
class II patients with mild congestive heart failure
secondary to LV systolic dysfunction and normal
sinus rhythm have documented benefit by digoxin
therapy.

In our clinical practice, we currently use digoxin
for heart failure patients as follows:
• LV diastolic dysfunction: digoxin is empirically

still contraindicated, but the ancillary substudy
of the DIG trial is reassuring, showing no in-
crease in mortality; and

• Chronic LV systolic dysfunction with normal si-
nus rhythm: ACE inhibitor therapy should al-
ways be first and foremost. In patients with
moderate to severe symptoms, large left ventri-
cle and EF <40%, especially with third sound
gallop, clinical trial data strongly support dig-
oxin use. In patients with mild heart failure, an
ACE inhibitor is the first choice but digoxin is
still a reasonable additive if the patient remains
symptomatic. Our practice is to use a daily dose
of digoxin in the range of 0.125 to 0.25mg.
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