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Inappropriate Use of Digoxin in
the Elderly

How Widespread is the Problem and How Can it be Solved?
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Abstract Cardiovascular disease is ubiquitous within the elderly population and re-
quires treatment with multiple types of medications. As with any cardiovascular
pharmaceutical regimen, the risk versus the benefit of each medication must be
strongly considered. This is particularly true where, for various reasons, adverse
effects are more often prevalent and pronounced. Over the years, it has been
documented that digoxin is a frequently prescribed medication in elderly popu-
lations. Although this drug can be beneficial when used in the appropriate setting,
recent data would suggest that inappropriate administration of digoxin is common
and not without potentially serious consequences.

Currently, the use of digoxin can be advocated to control heart failure in atrial
fibrillation and when added to ACE inhibitors and diuretics in those patients with
symptomatic heart failure related to systolic left ventricular disfunction. It is
likely that the excessive use of digoxin in elderly populations as discussed in this
review is perhaps based on the prevalence of diastolic heart failure in the elderly
as well as other co-morbid conditions that may mimic heart failure signs and
symptoms. Since the elderly appear to be at high risk for digoxin toxicity, the
inappropriate use of this medication to treat these conditions could result in sig-
nificant and unnecessary morbidity.

It is proposed that echocardiography should be performed in most elderly
patients when congestive heart failure is suspected. This simple diagnostic tool,
along with a careful history and medical examination, would hopefully prevent
the misinterpretation of confusing clinical findings and would help to identify the
patients with normal systolic function or valvular disease such as critical aortic
stenosis, where digoxin treatment would not be warranted.

If it is necessary to administer digoxin, then the likelihood of significant tox-
icity can be greatly reduced by using an algorithm to calculate the appropriate
dosage, which takes into consideration the patient’s gender, bodyweight and cre-
atinine clearance. Although it is probable that the indications for digoxin use to
treat congestive heart failure will continue to evolve, at the present time most
would recommend using this agent in symptomatic heart failure related to a
reduction in left ventricular systolic function or when associated with atrial
fibrillation.
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The elderly population in developed countriestherefore may account for toxicity and significant
throughout the world is rapidly increasing. Cur-morbidity in this population. Furthermore, the
rently, approximately 12% of the population of the manifestation of digoxin toxicity in the elderly may
US is over 65 years of age, and it is estimated thdte atypical and thus more difficult to identify than
this may increase to 17% soon after the turn of thén younger patient8:4l The coexistence of one or
centuryl!l Due to the often complicated spectrummore other chronic conditions may also complicate
of chronic diseases common in elderly patients@nd confuse the clinical picture, making it less clear
they are necessarily treated with polypharmacywhen and how digoxin should be used. Justifiably,
There are reports that hospitalised Medicare pathere is concern among health care professionals
tients receive an average of 10 prescription drugtat digoxin therapy is overused, and there are re-
and that in the US, nursing homes residents are of€nt data from observational studies identifying in-
ten given between 4 and 7 drugs daily, many oftPPropriate use of digoxin in the eldet§! In this
which are inappropriate or ineffecti?e] review, thes_,e issues will be addresse_d as will the

Cardiovascular drugs comprise the most freféatures unique to the elderly population that pre-
quently used class of pharmacological agents sincSPose them to digoxin toxicity. Additionally, the

heart and vascular disease is ubiquitous within th@'anifestations of digoxin toxicity and approaches

elderly population, representing the greatest caud®@t may prevent the inappropriate use of digoxin

of morbidity, mortality and hospitalisation. It has in glderly patients will be discussed. The trials from
been estimated that 40% of the drugs prescribed hich we have extracted most of our current

the elderly, including diuretics, exhibit specific car- n_owledge concerning d|go>_<|n thera_py will-also
diovascular actiongl briefly be reviewed. When interpreting the data

A major challenge to clinicians treating the el_frc.)m these heart failure clinical studies, consider-
: . - : = ..~ _ation must be given to the fact that the elderly are
derly is to administer medications in a judicious

manner in order to optimise their efficacy and avoidJnder-represented and therefore extrapolation to

toxicity. The physiological changes that occur dur-C“mC'ijI practice may be difficult.

ing the aging process, often in association with one . . .
or more specific disease states, cause important al- - General Indications for Digoxin
terations in the distribution and disposition of many ~'herapy: Lessons from Clinical Trials

drugsl™2 While these agents can also exhibit im-  gotore one can assess the degree to which dig-
portant toxicities, it is imperative for the treating 5y, may be inappropriately used in elderly pa-
physician to individualise therapy and develop &jents, one must first review the appropriate indica-
firm understanding of the changes in drug selectiogigns for therapy as we know them today. There is
or administration that may be necessitated by Siggeneral acceptance of the concept that digoxin is
nificant alterations in pharmacokinetic and phar-sefyl for controlling the ventricular response in
macodynamic profiles. Consideration must also b&praventricular arrhythmias such as atrial fibrilla-
given to the coexistence and physiological signifi-tjon. Rather than acting directly, digoxin slows
cance of multiple chronic diseases as well as conconduction through the atrioventricular node via its
comitant medications, the potential for drug inter-parasympathomimetic effects. Other agents such as
actions and compliance of the individual patient. B-blockers and some calcium antagonists (primar-
Because of the high prevalence of congestivély the first generation agents verapamil and diltia-
heart failure and atrial arrhythmias in elderly indi-zem) may, however, supplant digoxin since these
viduals, digoxin is one of the most commonly pre-drugs directly slow atrioventricular conduction and
scribed medications in patients over 65 years ofire effective in controlling heart rate both at rest
age. This mildly inotropic agent exhibits a narrowand during periods of catecholamine excess such
therapeutic window, particularly in the elderly, andas during exercise. It is therefore possible to con-
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clude that the role of digoxin in this particular con- therapy on the clinical heart failure parameters
dition is not as important as previously believedtested.
and that there are other options available. Digoxin The Prospective Randomized Study of Ventric-
is not effective in preventing the occurrence ofular Function and Efficacy of Digoxin (PROVED)
atrial arrhythmias and should not be given as proand Randomized Assessment of the Effect of Dig-
phylaxis for these conditions (i.e. paroxysmaloxin on Inhibitors of the Angiotensin-Converting
atrial fibrillation) [7:8] Enzyme (RADIANCE) clinical trials were sub-
The role of digoxin in treating congestive heart sequently designed specifically to demonstrate the
failure has been debated for centuries. Although it&fficacy and safety of digoxin in patients with nor-
utility in treating patients with heart failure and mal sinus rhythm and mild to moderate congestive
atrial fibrillation is generally accepted, its efficacy heart failure due to left ventricular systolic dys-
in heart failure patients with sinus rhythm has beerfunctiont34 These studies were designed as
controversial. This controversy has previously companion trials to evaluate the effects of digoxin
been fuelled by disparate results from small scalélone (PROVED) orin combination with ACE inhib-
studies exhibiting significant design flaws, includ- 11ors (RADIANCE). They were both randomised,
ing small sample size, lack of randomisation, het-double-blinded, placebo controlled trialsadgoxin
erogenous populations with vague or mixed hearywthdrawal. Digoxin was administered to achieve
failure diagnostic criteria, short follow-up inter- target serum concentrations of 0.9 to @dilL. In

vals and inaoprobriate cardiac alvcoside dosin oth studies, an average digoxin dose of 0.38mg re-
PRrop gy g}s)ulted in 24 hour trough concentration of L.

preparations and administration schedules. FuriD tients withd ¢ dicoxin treat tin both
thermore, the success of ACE inhibitors in allevi- atients withdrawn from digoxin treatment in bo

. : . . studies exhibited clinical deterioration, a reduction
ating symptoms and prolonging survival in pa-: : : .
. : . ; . in exercise tolerance and worsening cardiac func-
tients with heart failure has raised important

guestions concerning the added benefit of digoxin.tlon compared to patients continuing digoxin ther-

) . nsiderin h i he low rob-
Fortunately, the results from recent, well demgnedapy Considering both studies, the lowest prob

| le clinical trial beginning t id ability of treatment failure was seen in those
arge scale ciinical lria’s are beginning to provi epatients receiving triple therapy consisting of dig-
answers to many of these questions.

0 h 20 | i Ioxin, ACE inhibitor and diuretics.
ver the past 20 years, several more rigorously It is important to note that these trials have been

designed randomised controlled studies of digoxinyiticised because of the limitations inherent in the
in patients with congestive heart failure and normal,iihqrawal desigi516] Since all participants had
sinus rhythm have been perfornfe&] A meta-  poon maintained on digoxin, a selection bias for
analysis of 7 studies conducted prior to 1990 inetter ‘responders’ may have been introduced.
volving 617 patients found that overall there was 8x|s, all patients entering the trials had shown that
clinical benefit observed in a small number of pa-they could tolerate digoxin for at least 3 months
tients receiving digoxin. On average, there were nqyithout experiencing adverse consequences (i.e.
detectable differences in clinical response to digarrhythmia). Some have argued that long term ther-
oxin in the majority of patient$!l Kraus et al*?l  apy with inotropic agents such as digoxin may ac-
reviewed the results of 13 studies of digoxin incelerate cardiac dysfunction which is manifest
patients with sinus rhythm performed prior to only after the agent is withdraviAf!

1993, and concluded that digoxin treatment bene- Until recently, the effect of digoxin on heart fail-
fits those with moderate to severe heart failure. Imure mortality had never been evaluated in a large
portantly, the authors noted that none of thescale, placebo-controlled, randomised, clinical
randomised, placebo-controlled trials that were retrial. Patients with heart failure [New York Heart
viewed identified a negative influence of digoxin Association (NYHA) class II-11], a left ventricular
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ejection fraction 0£0.45 (6800 patients) and nor-  Based on these recent studies, the administra-
mal sinus rhythm were enrolled in the multicentretion of digoxin in combination with ACE inhibitors
Digitalis Investigator Group (DIG) stud¥/! Back-  and diuretics can be considered in patients with
ground therapy included ACE inhibitors and di- significant left ventricular systolic dysfunction and
uretics. The mean age of patients in this trial wassymptomatic heart failure. This is true for all age
approximately 64 years, and 27% of all patientsgroups, including the elderly, and is supported by
were >70 years old, representing an older cohortesults from the DIG trial which was comprised of
than is typically enrolled in heart failure trials. Ad- older patients representative of the general popul-
ditionally, there was an ancillary trial whereby 98g ation of heart failure patients throughout the
patients with heart failure and ejection fractionsworld.1*7]

>0.45 were randomised to receive digoxin therapy e routinely administer digoxin to those pa-
or placebo. The dosage of digoxin was determinedi€nts With. heart failure _and sy;tolic dysfunctiqn
using an algorithm that considered the patient'sVho remain symptomatic despite treatment with

age, gender, bodyweight and renal function (tabldn@ximal dosages of ACE inhibitors and diuretics.
1).117.18] The results from the DIG trial show that The role of digoxin treatment in patients with heart

failure and relatively preserved systolic function
remains controversial and is generally not recom-
mended in the absence of another indication such
{@s atrial arrhythmia. This syndrome of diastolic

death or hospitalisation attributable to worseningheart. fal_Iure with re.Iat|ver preserved systolic
) e function is common in the older age groups and
heart failure was reduced. This finding was true

across all subgroups, but the favourable effect ofhdy be one of the major factors underlying inap-

digoxin appeared to be greatest in the sicker pa{-)i;?]?;;?gt]e digoxin administration in these pa-

tients (NYHA I-1V) with the lowest ejection frac-
tions and in those with radiographic evidence of
cardiac enlargement. This finding of a greater ben-
eficial effect in patients with greater functional im-
pairment and cardiomegaly is consistent with pre- It is estimated that digoxin is the seventh most
vious studies. commonly prescribed drug in the US and that 20 to

digoxin exhibited a neutral effect with respect to
the primary mortality end-point. Those patients
randomised to receive digoxin had fewer
hospitalisations, and the combined end-point o

2. Inappropriate Use of
Digoxin in the Elderly

Table 1. Digoxin drug administration chart (daily maintenance dose mg/day)é]

CCC Bodyweight (kg)

50 60 70 80 90 100
10 0.125 0.125 0.125 0.125 0.25 0.25
20 0.125 0.125 0.125 0.25 0.25 0.25
30 0.125 0.125 0.25 0.25 0.25 0.25
40 0.125 0.25 0.25 0.25 0.25 0.25
50 0.125 0.25 0.25 0.25 0.25 0.25
60 0.25 0.25 0.25 0.25 0.25 0.375
70 0.25 0.25 0.25 0.25 0.25 0.375
80 0.25 0.25 0.25 0.25 0.375 0.375
90 0.25 0.25 0.25 0.25 0.375 0.5
100 0.25 0.25 0.25 0.375 0.375 0.5
cce = 140 - age%><

O Secr O

where X = 1 for males and X = 0.85 for females; Scr = serum creatinine level.
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30% of hospitalised patients are receiving some Table 2 is not available for electronic viewing
form of digitalis preparatiof! Since the incidence

of congestive heart failure and atrial tachyarrhyth-

mias, the major indications for digoxin, increase

significantly with age, the elderly are commonly

prescribed digoxin. Questions have been raised,

however, as to the extent with which digoxin treat-

ment is commonly instituted or continued in the

absence of appropriate clinical indicatidh%20]

This is an important issue because of the higheflysfunction increases significantly with age and is
incidence of digoxin toxicity in the elderly and the generally considered a disease of the elderly. In 247
consequent morbidity and mortality associatednursing home patients with congestive heart failure
with it.[1.2.21]1t has been reported that the mortality (mean age 84 years), Aronow and assodites
rate of hospitalised patients with digitalis toxicity found that left ventricular systolic function was
is 2.4 times higher than in those without evidencenormal in 47% of the patients. This is in contrast
of toxicity.[?2l One study has reported that digoxin to a much lower incidence of normal systolic func-

treatment in the presence of congestive heart failgjg (6%) in a group of patients with heart failure
ure is associated with an increased number of fall§;no were <60 years olee!

in hospitalised elderly patients]
To gain more insight regarding the incidence
and indications for digoxin therapy in an elderly

population, Aronow prospectively evaluated 500m ocardial changes including left ventricular h
consecutive patients admitted to a nursing home y 9 9 y

who were=60 years old (mean age 81 yed?spf pertrophy, increased interstitial fibrosis and in
these, 96 (19%) were receiving digoxin at the timeSOMe cases ventricular infiltration with amyloid
of admission. It was determined that 53% had arf'@ve been well described during aging and can lead
appropria‘[e indication for digoxin use (defined asto increased ventricular stiffness with altered dias-
atrial fibrillation and/or heart failure with left ven- tolic function!?®! Decreased compliance and elastic-
tricular dysfunction) (table 11) and 47% were re- ity of the systemic and coronary vasculature during
ceiving digoxin inappropriately (table Ill). The aging further complicates ventricular hypertrophy
majority of patients in the latter group (19%) hadand ischaemi&®3% Other disorders common in
been treated for congestive heart failure but exhibthe elderly population (i.e. coronary artery disease
ited normal left ventricular systolic function. Inter-
estingly, 18% of those inappropriately treated with  15pe 3 is not available for electronic viewing
digoxin had noncardiogenic dyspnoea or oedemat-
ous states and had been misdiagnosed with heart
failure. Digoxin therapy had been started in 9% of
patients because of a history of possible paroxys-
mal atrial fibrillation.

These findings reported by Aronélare not
surprising and are in fact quite predictable when
one considers the frequency with which digoxin is
prescribed to the elderly population in which the
prevalence of heart failure with normal systolic
function is high. The incidence of pure diastolic

The cardiovascular and physiological changes
that often occur during the aging process may sig-
nificantly affect diastolic functiof.2:26-291Primary

O Adis International Limited. All rights reserved. Drug Safety Mar 1999; 20 (3)
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Table IV. Diseases commonly associated with diastolic dysfunction iatric patient because of concomitant pathological
Coronary artery disease conditions and atypical disease presentations. Ex-
Hypertension ertional dyspnoea is frequently seen in elderly pa-
Atrial fibrillation tients who have no evidence of cardiopulmonary
Renal failure

diseasd3® Oedema of the lower extremities is a
common finding in the elderly and often represents
extra cardiac conditions such as venous insufficiency
or adverse effects from other pharmacological
é’;\genté?f’] For these reasons, echocardiography has
been advocated as an essential tool for accurately
evaluating cardiac disease in the geriatric pa-
tient [36]

Infiltrative cardiomyopathy
Diabetes mellitus
Restrictive cardiomyopathy

and systemic hypertension) that may complicat
diastolic function are listed in table IV.

Although digoxin is presently not recom-
mended for treatment of diastolic dysfunction, the
results from the ancillary trial in the DIG studg,
as discussed in section 1, raise certain questions. In
this trial, patients with ejection fractions >45%

were randomised to receive digoxin or placebo Multiple factors predispose the elderly to dig-
and, although there was no affect on overall moryyin toxicity (table V). Secondary to changes re-
tality, the combined end-point of death and hospidated to the normal aging process, the pharmacoki-
talisation was improved with digoxin. Importantly, netics of digoxin are significantly altered. During
significant adverse effects related to digoxin ther-aging, there is a gradual reduction in lean body
apy, as has been reported previously in this patienhass and renal function as manifested by a de-
population, were not observed. One possible hyerease in glomerular filtration rae3! In that dig-
pothesis is that digoxin is potentially beneficial in oxin is a hydrophillic substance excreted by the
the elderly patient with heart failure because of itskidneys, these changes significantly reduce the
favourable effects on baroreceptor functi®ri3!  volume of distribution and excretion of digoxin
Certainly, this concept will require further investi- thus increasing plasma concentrati@h®igoxin
gation. is avidly bound to skeletal muscle, and the loss of
According to the Aronow stud§} digoxin is skeletal muscle in the elderly further enhances dig-
also commonly prescribed to patients who exhibitoXin plasma concentrations. If heart failure is also

some of the signs and symptoms of heart failure buresent, glomerular filration rate and lean body
in fact have normal cardiac function. Interestingly, M@ss may be further reduced. It has been estimated

this is not unlike the manner in which digoxin was that steady-state serum digoxin concentrations in

used 200 years ago when toxicity was very COmpatients on maintenance therapy are double in
mon as the agent was given for many noncardial:h.ose pat|ent.s \{vho are8]>70 years _O_Id compared
oedematous conditio®] The clinical diagnosis with younger individual&l However, it is encour-

. - . _aging to note that, when digoxin is administered
of heart failure may be difficult to make in the ger according to the nomogram used in the DIG trial,

toxicity can be significantly reduced.

Other factors predisposing the elderly to toxic-
Decreased lean body mass ity include diuretic-induced potassium deficiency,
Decreased skeletal muscle .

the frequent use of polypharmacy with the poten-

Decreased glomerular filtration rate ial f . . . . . . |
Potassium deficiency (usually diuretic-induced) tial for drug interactions Increasing dlgoxm plasma

3. Digoxin Toxicity: Predisposing
Factors in the Elderly

Table V. Factors predisposing elderly patients to digoxin toxicity

Polypharmacy and drug interactions (e.g. verapamil, quinidine, concentrations (table VI) and concomitant diseases
nifedipine) such as congestive heart failure which further alter
Concomitant diseases (e.g. congestive heart failure) digoxin pharmacokinetid§,_39]
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One must also be aware of the often atypicalTable Vi. Pharmacokinetic interactions with digoxin®}

presentation of digoxin toxicity in elderly patients. Drug
As opposed to younger patients who usually de-

Mechanism of
interaction

Change in digoxin
serum concentration
(%)

velop nausea and vgmltlng,_the elderly commonly Erythromyain
present with anorexia, cognitive changes, hazy Vi-regacyciine
sion or arrhythmid.-4-40l

Phenobarbital
(phenobarbitone)
. . . Rifampicin
4. Rgcommendatlons for Digoxin (rifampin)
Use in the Elderly Amiodarone

In summary the addition of digoxin should be quinidine
considered in elderly patients with heart failure and
normal sinus rhythm who remain symptomatic de- Piazem
spite receiving treatment with adequate dosages of"@"a™
ACE inhibitors and diuretics. Documentation of ycardipine
systolic dysfunction as the aetiology of heart fail- Thiazide diuretics
ure is imperative. It is also appropriate to use dig-NsAIDs
oxin to control the ventricular response to atrial Cyclosporin
fibrillation, but other medications with less toxic- Hydralazine
ity may be more effective. Digoxin administration -Nitroprusside

1 Bioavailability
1 Bioavailability
Enzyme induction

Enzyme induction

| Renal/nonrenal
clearance

. Renal/nonrenal
clearance

| Renal clearance (?)

| Renal/nonrenal
clearance

| Renal clearance (?)
| Renal clearance
I Renal clearance
1 Renal clearance
1 Renal clearance
1 Renal clearance

1 50-120
1 50-120
150

1 50

1 70-100

1 Up to 100

t Upto 70
t 70-100

115

1 variable (up to 50)
1 variable (up to 50)
1 50-100

1 upto 20

1 upto 20

in the elderly should be guided by an estimate Ofll\lS:AdleDCsrez:;)drTstemldal anti-inflammatory drugs; t = increased,
creatinine clearance as described previously (table
. '!'he do;age ShOUId also .be adJUSt?d t.o accourg)te avoided. Furthermore, a complete assessment of
for interactions with concomitant medications that . . .
L L valvular function would be possible, enabling
may alter digoxin pharmacokinetics (table VI). , e . . o .
Digoxin serum concentrations should be evaluateddem'f'cat'on of the patient with cr_lt_|cal aortic ste_—
when there is a change in therapy (i.e. addition of\©SIS Of other valvular abnormallt.les common.m
a medication which interacts with digoxin), when the elderly that may not be recognised on physical
renal function significantly changes or when dig- €xamination.
oxin toxicity is suspected. Normokalaemia should ~ The potential benefit of this procedure in man-
also be maintained. aging elderly heart failure patients would seem to
Based on the prevalence of heart failure relatedvarrant the cost of echocardiography, at least on a
to diastolic dysfunction in the elderly and the mul- one-time basis. Certainly, the need for continued
tiple comorbid conditions that may mimic heart digoxin therapy should be reassessed during care-
failure signs and symptoms in older age, it is likelyfy| medical follow-up and, in situations where the
that the inappropriate use of digoxin to treat thesengication for digoxin is poorly documented, fur-
conditions is widespread. Considering the fact thafh e, eyajuation with thoughtful assessment of the
the eId(_erIty are aftdmgh(.ast. ”tik for to|><|tc_:|ty, 'N" risks and benefits of continuing therapy in the in-
appropriate use o digoxin In this popuiation may y; 4y, patient will be necessary. It is also likely

result in significant and unnecessary morbidity. hat th ial benefit of digoxin i . ith
Aronow?38 has proposed that echocardiographyt at the potential benefit of digoxin in patients wit

should be performed in all elderly patients with diastolic dysfunction, as recently suggested by the
congestive heart failure. This approach would helg?!G trial, will continue to be investigated. At the
to avoid the misinterpretation of confusing clinical present time, however, most would recommend us-
findings and would help to identify the patient with ing digoxin only when left ventricular systolic
normal systolic function so that digoxin use couldfunction is significantly reduced.
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