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The medical use of cardiac glycosides began in
1785 with the publication of Withering’s mono-
graph on the therapeutic efficacy and toxicity of
the leaves of the common foxglove plant, Digi-
talis purpurea. Various glycosides including digi-
toxin and ouabain were then extracted from
plants, and digitalis glycosides have been widely
prescribed for more than 230 years.

Digitalis still remains an important and useful
therapy for patients with heart failure and/or atrial
fibrillation [1]. However, despite a pertinent
contribution of their pharmacological properties
combining positive inotropic and negative
chronotropic effects to reduce symptoms and hos-
pital admissions in heart failure patients, meta-
analyses showed neutral effect on all-cause mor-
tality and robust trial data are lacking in patients
with atrial fibrillation [2, 3]. Following the avail-
ability of therapies providing proved prognostic
benefits in these patients including angiotensin-
converting enzyme inhibitors, beta-blockers,
aldosterone antagonists, and cardiac resynchro-
nization therapy, prescription rates of digoxin
have fallen substantially [4]. Their use is now
restricted to the treatment of heart failure due
to reduced ejection fraction with or without sup-
raventricular dysrhythmias including atrial
fibrillation.

Digitalis poisoning may result from either
acute suicidal massive ingestion or more fre-
quently from chronic toxicity in patients with
cardiac diseases and renal failure. Digitalis over-
dose may lead to life-threatening toxicity. In 1976,
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Smith and colleagues reported the first case of
human digoxin poisoning treated with anti-
digoxin-specific Fab fragments, unveiling the
modern era of treatment of cardiac glycoside
toxicity [5].

Biochemistry of Digitalis Glycosides

Cardiac glycosides of therapeutic interest share a
common steroid nucleus structure with one or
more glycosidic residues bound at its C3
(Fig. 1). Their potent and selective properties to
inhibit the membrane Na+/K+-ATPase are due to
the β-hydroxyl group at its C14 and the unsatu-
rated lactone at its C17. Removal of the glycoside
moieties (forming the genin or aglycone part) only
minimally affects their pharmacological proper-
ties. The absence of a hydroxyl group at the C12
of the nucleus distinguishes digitoxin from
digoxin. In addition to foxglove (Digitalis),
other cardiac glycosides are divided in two sub-
classes, the cardenolides and the bufadienolides
[6]. Cardenolides are present in Antiaris toxicaria
(antiarin), Nerium oleander called common ole-
ander (oleandrin, folineriin, adynerin, digitoxi-
genin), Thevetia peruviana called yellow

oleander (thevetin A and B, peruvoside, neriifolin,
thevotoxin, ruvoside, and theridoside), Cerbera
odollam called sea mango (cerberin), Convallaria
majalis called lily of the valley (convallarin,
convallamarin, and convallatoxin), and
Strophanthus sp. (ouabain). Bufadienolides are
present in Urginea maritima called red squill
(scilliroside and proscillaridin A, scillarene A,
scilliglaucoside, and scilliphaeoside) and
Rhinella marina called cane toad (bufalin,
manrinobufagenin, and telocinobufagin). An
ouabain-like compound (resibufogenin) is also
found in the skin of the bufo toad (Bufo spp.).
Neriifolin, cerberin, and cerberigenin, contained
in the fruit kernel of the red-eye-sea mango tree
Cerbera manghas L. on which the coconut crab
Birgus latro L. feeds, are the toxic agents leading
to cardenolide poisoning when eating this kind of
crab.

Pharmacology and Mechanisms
of Toxicity

Digitalis reversibly inhibits the membrane-bound
alpha subunits of the Na+/K+-ATPase pump in
cardiac, smooth, and skeletal muscles and lungs

Fig. 1 Chemical structure of digoxin. Digitoxin lacks a hydroxyl group on the C ring, resulting in greater lipophilicity
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and kidneys [1, 7, 8]. By increasing the intracel-
lular sodium concentration in cardiomyocytes,
digitalis promotes activity of the Na+/Ca2+-
exchanger, thus enhancing the intracellular cal-
cium concentration which is taken up by the sar-
coplasmic reticulum. This action directly results
in the greater interaction between the myocardial
contractile proteins, increasing the force of cell
contraction and improving the left ventricular sys-
tolic function. Consistently, the intravenous digi-
talis administration results in the immediate
evidence of significant increase in stroke index,
cardiac output, left ventricular ejection fraction,
exercise tolerance, and decrease in pulmonary
capillary wedge pressure [9]. Within the central
nervous system, digitalis-mediated Na+/K+-
ATPase also reduces the heart rate, by exerting a
parasympathomimetic action on the sinoatrial and
atrioventricular nodes, slowing their conduction
and increasing the refractory period. Additionally,
digitalis is responsible for vagal activation
shifting the autonomic balance toward parasym-
pathetic dominance. By reducing plasma norepi-
nephrine, digoxin modulates the initially
compensatory but finally detrimental neurohor-
monal activation observed in heart failure
patients. This direct anti-sympathetic activity
likely reflects the attenuation and sensitization of
the augmented baroreflex in heart failure patients
with raised filling pressures. Taken together, the
pharmacological ability of digitalis to simulta-
neously increase cardiac inotropy and constrain
cardiac chronotropy is unique. Digitalis increases
vagal tone and decreases sympathetic activity.
The plasma concentration and type of digitalis
clearly determine which mechanism predomi-
nates. These mechanisms of action are common
to all cardiac glycosides, although largely
described using digoxin and ouabain; however,
differences exist among the glycosides and influ-
ence the toxicity and the therapeutic response.
Consistently, insulin reverses the effects of
digoxin but not ouabain on Na+/K+-ATPase due
to their binding to different sites. Similarly, phar-
macokinetics highly varies according to the digi-
talis molecule (Table 1).

In overdose, digitalis-related Na+/K+-ATPase
inhibition may result in excessive intracellular

Ca2+ increase resulting in a transient late depolar-
ization (delayed afterdepolarization) accompa-
nied by aftercontraction. Additionally, the
increase in sympathetic activity accompanied by
nonuniform increase in automaticity and vagal
nerve-mediated depression of conduction in
His-Purkinje and ventricular myocytes may
cause life-threatening dysrhythmias.

Clinical Presentation
and Life-Threatening Complications

Poisonings mainly result from pharmaceutical
preparations of digitalis and more rarely from
self-made preparations of cardiac glycoside-
containing plants. Acute digitalis poisoning may
result from accidental or suicidal exposure to a
single elevated dose. Due to its narrow therapeutic
index, chronic toxicity of digitalis has been
reported in 6–23% of treated patients, particularly
in the elderly [10, 11]. Several factors may alter
patient’s sensitivity to digitalis including acute

Table 1 Pharmacokinetics of digoxin and digitoxin

Digoxin

Absorption: mainly in the proximal small intestine,
bioavailability of 80%

Volume of distribution: 5.6 L/kg; slow but widespread
dissemination into the tissues, particularly the
myocardium, kidneys, and skeletal muscle; duration of
distribution (2–6 h)

Protein binding: 20–30%

Active metabolites: digoxigenin, digoxigenin mono-
digitoxiside and bis-digitoxiside

Predominant elimination route: kidney

Elimination: as unaltered in urine (93%)

Elimination half-life: mean 40 h, range 20–50 h

Digitoxin

Absorption: in the stomach (15%) and proximal small
intestine (85%), bioavailability of >90%

Volume of distribution: 0.56 L/kg; rapid and widespread
dissemination into the tissues due to its high lipophilic
properties

Protein binding: 95%

Active metabolites: digoxin (minor pathway)

Predominant elimination route: liver (75–90%)

Elimination: as unchanged in the feces and urine

Elimination half-life: 4.9–8.1 days

38 Digitalis Glycosides 809



renal impairment and drug-drug interactions
(Table 2) [10–17]. Macrolides, quinidine, verapa-
mil, diltiazem, amiodarone, and others increase
digoxin concentrations, mainly by competitions
on their binding sites in tissues with a risk of
digitalis toxicity.

Clinical and ECG Features

In the setting of acute poisoning, symptoms gen-
erally occur within 6 h of ingestion, but life-
threatening symptoms may occur with delay,
reflecting the relatively slow tissue distribution
of digitalis. The noncardiac manifestations of
digitalis toxicity are highly prevalent including
gastrointestinal symptoms (anorexia, nausea,
vomiting, abdominal pain, and diarrhea), neuro-
logical symptoms (fatigue, weakness, hallucina-
tions, delirium, and psychiatric disorders), and
visual manifestations (scotoma, blurred vision,
color aberration, and blindness). Mesenteric
ischemia has been reported rarely. Physician
should suspect digitalis toxicity and measure
serum digoxin concentration in the onset of
unexplained gastrointestinal, neurological, or
visual manifestation in a digitalis-treated patient.

Digitalis-related cardiac toxicity results from
the combination of conduction and rhythm distur-
bances [6]. Toxicity should be suspected when
there is evidence of increased automaticity and
depressed atrioventricular conduction. Flattening

or inversion of the T wave and depression of the
ST segment related to long-term digitalis treat-
ment should not be considered as toxicity criteria.
The most common cardiac abnormality induced
by digitalis is sinus bradycardia. Characteristic
electrocardiogram (ECG) changes in the setting
of digitalis overdose show dysrhythmias like
atrial tachycardia, accelerated junctional rhythms,
and fascicular tachycardia, as well as conduction
disturbances like premature contractions of junc-
tional or ventricular origin, sinoatrial block, and
all degrees of atrioventricular blocks. In the
chronic poisoning, the combination of atrial fibril-
lation and conduction disturbances is commonly
observed resulting in irregular bradycardia. Onset
of junctional tachycardia is highly suggestive too.
Sinus arrest or exit block may occur. Ventricular
ectopics and tachycardias are also reported and
may be related to the underlying cardiac disease.
Life-threatening arrhythmias primarily consist of
third-degree atrioventricular block, ventricular
tachycardia, and ventricular fibrillation. The con-
tribution of the underlying cardiac disease includ-
ing cardiomyopathy and coronary artery disease
to digitalis toxicity is not clear [12].

When digitalis toxicity is suspected, kalemia
and renal function should be urgently measured.
Other electrolyte abnormalities should be
interpreted in the onset of chronic digitalis poi-
soning according to concomitant conditions and
medications.

Fatality and Prognosticators

Digitalis poisoning-attributed mortality rate
ranged from 4.6% to 41% before the availability
of anti-digoxin Fab fragments [18, 19] but
remained between 6% and 29% after their avail-
ability [12, 15, 21]. Poor prognostic factors in
acute digitalis poisoning were determined based
on series of acute digitoxin poisoning and include
age older than 55 years, male sex, hyperkalemia,
and any degree of atrioventricular block (Table 3)
[20]. Fatality rate significantly increases when
serum potassium concentration is >4.5 mmol/L
in the absence of adequate treatment. Ventri-
cular dysrhythmias refractory to electrical

Table 2 Main predisposing and precipitating factors for
digitalis toxicity

Advanced age

Underlying cardiac disease

Respiratory disease

Hypoxia, respiratory alkalosis, or acidosis

Renal insufficiency

Hypothyroidism

Electrolytes disturbances

Hypokalemia, hyperkalemia, hypercalcemia,
hypomagnesemia

Drug-drug interactions

Diuretics, quinidine, amiodarone, verapamil,
β-adrenergic blockers, β-adrenergic agonists,
amphotericin B, corticosteroids
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cardioversion are the leading cause of death
(70%), followed by advanced atrioventricular
block resulting in asystolic arrest (20%) and car-
diac insufficiency causing multi-organ failure
(10%). Rarely, death may result from mesenteric
infarction.

Diagnosis

Diagnosis depends on whether digitalis poisoning
is chronic or acute. Acute poisoning is typically
straightforward. QT interval modifications are of
diagnostic value only in patients not previously
treated with digitalis. Diagnosis is confirmed by
the measurement of the serum digitalis concentra-
tion. By contrast, in chronic poisoning, diagnosis
is more difficult because noncardiac symptoms
are nonspecific and some ECG abnormalities
look like those related to the underlying cardiac
disease. Thus, serum determination of digitalis
concentration is the key step to assess the diagno-
sis and should be largely prescribed in cases of
suspected digitalis intoxication, although digoxin
toxicity occurs to date less frequently than histor-
ically reported.

The range of therapeutic (steady-state) con-
centrations of digoxin and digitoxin are

0.5–2.0 ng/mL (0.6–2.6 nmol/L) and 10–30
ng/mL (13–39 nmol/L), respectively. According
to the various factors that may influence digitalis
toxicity, no single serum concentration can defin-
itively establish the presence or absence of toxic-
ity [12]. Of 3434 serum digoxin concentrations
assayed in 2009 patients, 320 (9.3%) were higher
than the upper limit of the therapeutic range, but
only 83 of the 138 patients evaluable for digoxin
toxicity had clinical evidence of toxicity for an
overall incidence of 4.1% [22]. In another retro-
spective study reporting 6133 digoxin concentra-
tions measured in 5100 patients, only 13 among
the 460 patients with serum digoxin concentration
>2 ng/mL (>2.6 nmol/L) were diagnosed as
digoxin overdose before obtaining the laboratory
results [23]. Hospitalized patients with serum
digoxin > 2.1 ng/mL (>2.7 nmol/L) spent a
mean of 12.1 � 17.1 days in hospital. The mean
time to death for the patients who died was
5 � 3.1 days. Two thirds of the patients who
died in the hospital had increasing digoxin levels
before death. In this study, renal failure was not
significantly associated with increased mortality
while serum digoxin concentration was. Mortality
rate in patients with elevated digoxin concentra-
tions and preexisting ECG abnormalities was 8%
compared with 40% in patients with elevated

Table 3 Prognostic factors of digitalis poisoninga (The red arrows indicate the conditions of the poorest prognosis and
the green arrows the conditions of the best prognosis)

Female

Male

< 55

Age Atrioventricular block Plasma K+ >4.5 Death rate (%)

Yes Yes

No

No
Yes
No
Yes
No
Yes
No
Yes
No
Yes
No
Yes
No
Yes
No
Yes
No

17
4
8
2
49
18
29
9
38
11
20
6
74
35
50
23

Yes

No

Yes

No

Yes

No

> 55

< 55

> 55

aData are based on 179 patients who had acutely ingested >2 mg of digitoxin. Adapted from Dally et al. [20]
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digoxin concentrations and new ECG abnormali-
ties [23]. A fatality rate of 50% was reported in
patients with digoxin concentrations > 6 ng/mL
(7.7 mmol/L).

Serum potassium concentration significantly
influences the toxicity associated with a given
digitalis concentration [24]. In contrast to acute
poisoning, most of the more serious arrhythmias
found in patients with chronic toxicity are associ-
ated with serum potassium concentrations < 3.7
mmol/L [25]. An indication for transient pace-
maker placement was present more frequently
when digitalis intoxication was accompanied by
hypokalemia (72%) than normokalemia (37%). In
patients with digitalis intoxication-related dys-
rhythmias, normokalemic patients had a mean
serum digoxin concentration of 6.68 � 0.17 ng/
mL (8.55 � 0.22 mmol/L), whereas hypokalemic
patients had a mean serum digoxin level of
1.13 � 0.04 ng/mL (1.45 � 0.05 mmol/L).
Repletion of serum potassium sometimes
corrected the dysrhythmia without significant
changes in serum digoxin concentration. Hypo-
magnesemia likewise increases digitalis-related
toxicity and may be a more frequent contributor
to digoxin toxicity than hypokalemia [25]. Finally,
prompt termination of the arrhythmias when stop-
ping the drug administration or after infusing anti-
digoxin-specific Fab fragments supports the diag-
nosis of chronic toxicity.

Management

Most cases of chronic toxicity are minor, and the
patient may only require temporary withdrawal or
reduction in his digitalis dosage on an outpatient
or inpatient basis. However, more aggressive hos-
pital treatment is sometimes mandatory to reduce
the risk of death.

Gastrointestinal Decontamination

A single dose of activated charcoal (50 g) should
be administered to all patients with acute inges-
tion of a potentially toxic exposure if ingestion
occurred less than 2 h before. Although no clinical

trial confirmed its efficacy, this approach is based
on the ability of charcoal to reduce digoxin peak
in serum as well as on its safety (Grade III recom-
mendation). There are insufficient clinical data to
support or exclude the use of repeated doses of
activated charcoal to enhance digitalis elimination
[26]. Similarly, usefulness of gastrointestinal
decontamination in chronically poisoned patients
remains to be determined.

Extracorporeal Removal Techniques

The international EXTRIP work group published a
systematic review and recommendations on the
extracorporeal treatment for digoxin poisoning
[27]. Based on data from 84 patients including six
fatalities, they concluded that digoxin is slightly
dialyzable (level of evidence = B) and that extra-
corporeal removal techniques are unlikely to
improve the outcome of digoxin-toxic patients
whether or not anti-digoxin Fab fragments are
administered. Despite the lack of robust clinical
evidence, they recommended against the use of
extracorporeal removal techniques in cases of
severe digoxin poisoning when Fab fragments
were available (1D) and also suggested against
the use of extracorporeal removal techniques
when Fab fragments were unavailable (2D).

Indications for ICU Admission

All patients suspected of acute or chronic digitalis
poisoning with symptoms, ECG or electrolyte
abnormalities, or any other significant underlying
morbidity should be admitted to the intensive care
unit given the high fatality rate associated with
digitalis poisoning. In contrast, clinically stable
patients receiving digoxin whomeet the following
criteria:

– Mildly elevated serum digoxin concentrations
– Without signs and symptoms of digoxin

toxicity
– With serum potassium >3.7 mmol/L and

<4.5 mmol/L
– With no history of severe cardiac disease
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are at low risk of developing serious digoxin
toxicity and may not require treatment beyond the
discontinuation of digoxin therapy.

Electrolyte Disorders

Correction of hypokalemia, hypomagnesemia,
and dehydration is important in the presence
of chronic toxicity. In chronically treated
patients, hyperkalemia may result not only
from digitalis toxicity but also from renal insuffi-
ciency and other medications (potassium-sparing
diuretics, nonsteroidal anti-inflammatory drugs,
angiotensin-converting enzyme inhibitors, and
nonselective β-blockers) that should be with-
drawn temporarily. In acute poisoning, hyper-
kalemia (>4.5 mmol/L) is the hallmark of severe
toxicity, and the patient may thus require anti-
digoxin Fab fragments. Calcium salts should
be avoided since one major mechanism of digi-
talis toxicity is primarily calcium loading of
the myocardium. In the presence of severe
hyperkalemia (>5.6 mmol/L), glucose/insulin,
sodium bicarbonate, and sodium polystyrene sul-
fonate enema may be started; but severe hypoka-
lemia may result if anti-digoxin Fab fragments are
simultaneously administered.

Non-antidotal Therapies

Atropine antagonizes cardiac glycoside vagal
activation, increasing heart rate. Atropine is the
first-line treatment of digitalis-induced sinus bra-
dycardia or atrioventricular conduction distur-
bance [6, 28]. The therapeutic success of
atropine is unpredictable because the more direct
non-vagotonic cardiac effects of digitalis at toxic
doses may predominate. Doses of 0.5–1 mg are
recommended but higher doses up to 2–3 mg
have been used for persistent bradycardia.
However, the use of a large cumulative dose of
atropine may lead to deleterious anticholinergic
encephalopathy.

Antidysrhythmics, including phenytoin,
lidocaine, procainamide, propranolol, and
amiodarone, have been used to treat digitalis-

induced arrhythmias [29] (Grade II-3 evidence).
Propranolol and procainamide must be avoided
due to the risk of depression of cardiac conduction
and contractility. Quinidine should not be used
since it may prolong digoxin toxicity as a result
of drug-impaired clearance. Lidocaine and phe-
nytoin should be considered antiarrhythmic drugs
of choice in the absence of anti-digoxin Fab frag-
ments to treat digitalis-induced dysrhythmias
because they have little effect on the sinus node
and on AV conduction [7]. The role of
fosphenytoin has not been evaluated in this
setting.

Magnesium sulfate was effectively used to
treat digoxin-induced arrhythmias, even in
patients with normal or slightly elevated serum
magnesium concentrations [30–32] (Grade II-3
evidence). Magnesium potentiates the activity of
Na+/K+-ATPase without altering digoxin binding.
A decrease in serum potassium concentration after
magnesium therapy is obtained, but adverse
effects from hypermagnesemia, particularly in
patients with impaired renal function, may be
observed. Hypermagnesemia is unlikely to occur
with an initial 10–20 mmol magnesium bolus, but
is a real issue with infusion or repeated doses.
Anti-digoxin Fab fragments are the most effective
and safe antidysrhythmic strategy to prevent and
reverse digitalis-induced life-threatening
arrhythmias.

Transvenous or transcutaneous cardiac
pacing may be used to correct digitalis-induced
bradycardia or conduction disturbances and to
prevent ventricular dysrhythmias [33]. Retrospec-
tive studies have suggested that pacing does not
significantly decrease the mortality rate of acute
digitalis intoxication [33, 34]. Given the high rate
of nonfatal and fatal complications associated
with cardiac pacing in acute digitalis toxicity,
electrical cardioversion is potentially hazardous,
and Fab fragment therapy should be considered
first-line treatment.

Anti-digoxin-Specific Fab Fragments

The efficacy and safety of anti-digoxin-specific
Fab fragments have been consistently reported in
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adults [11–17, 21] and children [35–39] as well as
in acute and chronic poisonings (Grade I evi-
dence). A cost-effectiveness analysis supported
the use of Fab fragments in the treatment of
digoxin toxicity [40]. According to their cross-
reactivity, Fab fragments can effectively neutral-
ize digoxin, digitoxin, methyl-digoxin, β-acetyl-
digoxin, lanatoside, ouabain, proscillaridin, and
scilliroside and cardiac glycosides contained
in yellow oleander and in toad and crab
venom [41–46]. Anti-digoxin Fab fragments are
indicated, based on internationally accepted
criteria, to treat patients who present life-
threatening tachy-bradyarrhythmias, hyperkalemia
(>6mmol/L), or hemodynamic instability with an
elevated digoxin concentration (>2 ng/mL or
2.6 nmol/L) [47].

The theoretical maximum dose of anti-digoxin
Fab Fragments is the one required to neutralize the
body burden of digitalis. This dose can be calcu-
lated using either the supposed ingested dose or
the serum digitalis concentration (Table 4). When
no data are available regarding the presumed
ingested dose or the plasma concentration, empir-
ical dosing recommendations are to administer
400–800 mg of Fab (closely equivalent to 10–20
vials of DigiFab®) in acute toxicity and
120–240 mg of Fab (3–6 vials of DigiFab®) in
chronic toxicity.

However the necessity of administering an
equimolar dose of anti-digoxin Fab fragments to
obtain an initial beneficial response is not
supported by the literature [12, 21, 47]. The cal-
culation of the equimolar dose of Fab fragments
based on either the estimated ingested dose or the
serum digitalis concentration frequently overesti-
mates the amount of digitalis in the body. The
calculation based on the estimate of ingested
dose uses only the theoretical bioavailability of
cardiac glycosides, whereas during the time inter-
val between ingestion of digitalis and Fab admin-
istration, a fraction of the dose of digitalis has
been already eliminated [48]. The relationship
between the serum digitalis concentration and
the corresponding actual amount in the body
should also be questioned in patients admitted
early during the course of the acute poisoning,
since it is only accurate during the drug

elimination phase and not during its distribution
phase, which may last 6 h for digoxin [29]. Thus,
since the lowest effective ant-digoxin Fab dose
regimen is still not clearly determined, dosing
regimens based on much lower initial doses were
recently proposed, with 40 mg (one vial) for
chronic poisoning and 80 mg (two vials) for
acute poisoning, to be repeated after 60 min if
inadequate response or recurrence, or earlier if
there is a clinical deterioration [47]. Larger initial
doses, including that which will achieve full neu-
tralization, were recommended only in peri-arrest
patients. Consistently, effectiveness of only 1–2
vials of anti-digoxin Fab fragments to bind all free
digoxin in chronic digoxin poisonings was
reported in a recent prospective observational
study [16]. However, moderate improvement in

Table 4 Calculation of dosage of Fab fragments from
body load of digitalis

From the ingested amount, if the amount and type of
digitalis are known:

Q ¼ IA•A

Q = body load of glycoside (mg)

IA = ingested amount of glycoside (mg)

A = digoxin bioavailability (0.6) or digitoxin
bioavailability (1)

From the serum glycoside concentration, if the steady-
state serum concentration is known:

Q ¼ SGC•Vd•Wt 10�3

Q = body load of glycoside (mg)

SGC = serum glycoside concentration (ng/mL)

Vd = distribution volume: 5.61 L/kg (digoxin) or
0.56 L/kg (digitoxin)

Wt = patient weight (kg)

Conversion factors: SGC nmol=Lð Þ � 0:781 ¼ SGC

ng=mLð Þ for digoxinSGC nmol=Lð Þ � 0:765 ¼
SGC ng=mLð Þ for digitoxin
Determination of the number of 40-mg vials neededa:
Q/0.5

Empirical dosing recommendations with 40-mg vials
(according to the authors)

Acute ingestion (adult): 2–4 up to 10–20 vials

Chronic ingestion (adult): 1–2 up to 3–6 vials

Note: For some authors, low dosage at least as starter
should be sufficient; calculated full neutralizing doses of
digoxin-Fab are expensive and may not be required
aFab fragment dose (mg) = [molecular weight Fab
(50 kd)/molecular weight digoxin (781 d)] � body load
(mg). Using this calculation, 0.5 mg of digoxin is neutral-
ized by each 40-mg vial of Fab fragments
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heart rate and potassium following the Fab admin-
istration was usually observed, suggesting
that bradyarrhythmia and hyperkalemia in the
chronically poisoned patients could be related
to other comorbidities including chronic renal
failure, heart diseases, and medications like
β-adrenoceptor blockers and calcium antagonists.

On another hand, since equimolar neutraliza-
tion with Fab fragments is expensive and some-
times not available in small hospitals, antidote
administration is often delayed or withheld until
serious arrhythmias occur. Under these condi-
tions, ventricular fibrillation and asystole often
result in postanoxic brain damage or refractory
cardiogenic shock [11–17, 21]. Interestingly, fac-
tors associated with the use of anti-digoxin Fab
fragments were identified based on a retrospective
review of patient records over 2 years in 20 city
hospitals in France [17]. Acute overdose (odds
ratio, 15.74), antidote availability in the hospital
(11.06), serum potassium (1.81), and heart rate
(0.96) were significantly linked to the use of
anti-digoxin Fab fragments. Mortality was clearly
lower in Fab-treated (6%, 4/67) compared to
untreated patients (15%, 117/770). Thus, consid-
ering their safety, prophylactic administration of
anti-digoxin Fab fragments to prevent the occur-
rence of life-threatening arrhythmias was pro-
posed [48]. In France, this approach was refined,
taking into account (1) the prognosticators of
acute digitoxin poisoning [20, 49], (2) the lack
of evidence for the efficacy of pacing [33, 34], and
(3) the frequency and severity of adverse effects of
cardiac pacing. Two treatment strategies for two
distinct situations of digitalis poisonings were
proposed [50]. In patients exhibiting life-
threatening disturbances, an equimolar neutraliz-
ing dose of anti-digoxin Fab fragments (curative
dose) was recommended to be rapidly adminis-
tered. In patients with mild bradycardia (<50/
min), regardless of the conduction disturbances,
especially if associated poor prognostic factors
[20], when atropine fails to accelerate the cardiac
rhythm to greater than 50/min, a half equimolar
neutralizing dose of anti-digoxin Fab fragments
(“prophylactic” dose) was recommended. Partic-
ular attention was requested to >55-year-old
patients, patients with underlying cardiac disease,

and patients with serum potassium >4.5 mmol/L
[51]. This French strategy based on the first-line
use of anti-digoxin Fab fragments as curative
vs. prophylactic treatment according to the
patient’s conditions was associated with a reduced
mortality rate (7.6%) [21].

There are no known contraindications, apart
from allergy to sheep immunoglobulin. No inter-
actions with other medications have been
reported. During and after Fab administration,
vital signs, ECG, and serum potassium levels
should be recorded frequently to assess the effi-
cacy and safety of treatment. Improvement in
cardiac and noncardiac signs and symptoms of
digitalis toxicity occurs rapidly after the anti-
digoxin Fab fragments administration, with an
initial response at a median of 19 min from termi-
nation of infusion and complete response at a
median time of 88 min. [15] Neither age nor
concurrent cardiac disease was associated with
any significant delay in the initial response. Partial
or no response resulted from (1) a moribund situ-
ation with multi-organ failure at the time of infu-
sion, (2) an inadequate dose of Fab, (3) a
concomitant toxicity from other drugs, and
(4) an underestimated severity of underlying car-
diac disease. None of the patients without heart
disease who ingested a single acute digitalis dose
did not respond to Fab [12]. The administration of
additional doses of anti-digoxin Fab fragments
should be considered in patients in whom life-
threatening toxicity reappears or persists despite
initial treatment. Recrudescent toxicity was
reported in 20 of the 717 patients (2.8%) within
3 days of the initial Fab treatment in most of the
patients, although as late as 4–11 days in a few
patients [12]. Inadequacy of the initial dose was
the only factor associated with recrudescent digi-
talis toxicity. In cases of massive digitoxin poi-
soning, recurrent toxicity has been reported 1–4
days after Fab administration and when the initial
dose was less than the estimated adequate
dose [35].

Measurement of serum digoxin concentrations
after the administration of Fab fragments using the
conventional analytical methods is no longer useful
since measuring free plus bound digitalis. Detect-
able free digoxin concentrations may reappear
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5–24h or longer after Fab administration [53].Mea-
surement of the free digoxin concentration may be
of value to determine the need for additional doses
of Fab. When free serum digoxin concentration
rebounds beyond 0.8 ng/mL (1.02 nmol/L), signs
of digoxin intoxication recurred in some
patients [53].

Safety is not an actual concern. Mild hypersen-
sitivity reactions, including pruritic rash, facial
swelling and flushing, urticaria, thrombocytopenia,
shaking, and chills, rarely (~0.8%) occur. Hypoka-
lemia may occur as elevated serum potassium con-
centrations decline rapidly, starting as soon as 1 h
and completely normalizing within 4 h [15,
52]. Worsening of cardiac dysfunction after Fab
fragment infusion is rare too (<3%) [15]. Data
regarding the safety of Fab fragments in patients
treated for more than one episode of digitalis tox-
icity are limited to draw any conclusion. Therapeu-
tic redigitalization of the patient, if necessary,
should be delayed until elimination of anti-digoxin
Fab fragments is complete. Digoxin therapy can be
administered safely 48–72 h after Fab infusion in
patients with normal renal function [53].

Special Populations

Pediatric Patients

Digitalis poisoning has been reported in pediatric
patients ranging from 1 day to 17 years old
[35–39]. Iatrogenic intoxication is due to errors in
the calculation or administration of the digitalizing
and maintenance doses in smaller children. Acci-
dental poisonings occur in young children and less
commonly, adolescents may ingest digitalis in a
suicidal attempt. Digitalis intoxication is most
often accompanied by few clinical effects. Neuro-
logic manifestations, life-threatening arrhythmias,
conduction defects, and secondary hypotension
may be observed like in adults. Hyperkalemia is
uncommon. Anti-digoxin Fab fragments were con-
sistently reported to be effective and safe in pediat-
ric patients. Indications of antidote administration
are based on the following recommendations: [39]

Known Digoxin Intoxication
– Strong evidence of acute ingestion of�0.1 mg/

kg digoxin
– Elevated (steady-state) serum digoxin concen-

tration �5 ng/mL (6.4 nmol/L)

Signs and Symptoms of Digitalis Toxicity
– Rapidly progressing features of digoxin

toxicity
– Potentially life-threatening arrhythmias, includ-

ing cardiac conduction disturbances
– Severe hyperkalemia (�6.0 mmol/L)

The prophylactic administration of anti-digoxin
Fab fragments was also considered in children,
the main objective being, however, to avoid any
delay in their administration. Dosage is similar to
adults, paying attention to the dilution to avoid
fluid overload in small children. The empirical
Fab dosing is 400–800 mg in acute poisoning
and 40–80 mg in chronic toxicity. Increased
serum potassium concentration usually normal-
izes within 4 h of administration [36]. In the
main study, no cases of hypersensitivity have
been reported, while hypokalemia occurred in
one case and recurrence of cardiac conduction
defects after treatment in three children requiring
a repeated dose to reverse [39].

Pregnant Patients

During pregnancy, digitalis overdose may result
in maternal and fetal digitalis poisoning. Pregnant
patients with acute digitalis overdose should be
treated similarly to nonpregnant patients. How-
ever, there are no definitive data regarding the
efficacy or safety of anti-digoxin Fab fragments
in pregnant women.

Elderly Patients

Digoxin toxicity in the elderly is common, ranging
fromminor gastrointestinal symptoms to life-threat-
ening dysrhythmias. Increased risk of toxicity in the
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elderly is related to their multiple medications, their
decreased renal clearance, and the increased risk of
unintentional ingestion of repeated doses due to
their cognitive impairments. Mild-to-moderate
digoxin toxicity in the elderly may be difficult to
recognize from other “signs of old age,” i.e., som-
nolence, decreased hearing, confusion, agitation,
poor appetite, nausea, vomiting, and diarrhea
[54]. In the treated elderly patients, chronic toxicity
should be suspected in the new onset of dysrhyth-
mias, malaise, gastrointestinal disturbances, or
mental status changes. Lethargy, depression, and
confusion seem to occur almost exclusively in the
elderly [55]. Advanced age seems to be an inde-
pendent poor prognostic factor.

Renal Dysfunction Patients

Patients with renal dysfunction are at high risk of
digoxin poisoning. Fab therapy is effective in
patients with renal dysfunction [11–17]. Fab
fragments should be given to patients with renal
impairment at the same dose as for patients with
normal renal function [56]; however, elimination
of digoxin-specific Fab complexes is prolonged.
Total body clearance of Fab fragments is related
linearly to creatinine clearance, whereas their
apparent volume of distribution is not affected
[56]. Free digoxin concentrations decrease rap-
idly after Fab therapy but rebound at about
77 � 46 h postinjection [57]. The magnitude by
which free digoxin concentration rebounds is
unaffected by the degree of renal dysfunction.
There is no evidence to support a dissociation
of the Fab/digoxin complexes over extended
periods [53]. Because there are rarely complica-
tions resulting from circulating Fab/digoxin
complexes for a prolonged period, however,
there is little evidence to recommend any
extrarenal technique to enhance their elimination
[27]. Monitoring free serum digoxin concentra-
tions may be of value in selected patients to guide
additional Fab dosing, confirm possible rebound
toxicity, or guide the re-initiation of digoxin ther-
apy [57].

Key Points in Digitalis Poisoning
1. To date, digoxin poisoning mainly results

from chronic toxicity in long-term treated
elderly patients with underlying cardiac
diseases due to acute renal onset or drug-
drug interactions rather than from the sui-
cidal or accidental exposure to a single
high digoxin dose.

2. Digitalis poisoning may be life-
threatening with the sudden onset of fatal
ventricular dysrhythmias.

3. Mild-to-moderate digoxin toxicity in the
elderly may be difficult to recognize from
other “signs of old age.”

4. The emergency determination of the
serum digitalis concentration is mandatory
in each patient with suspected digitalis
toxicity.

5. Prognosticators including age >55 years,
serum potassium >4.5 mmol/L, and atrio-
ventricular block of any degree should be
recognized on patient management.

6. Antidysrhythmic drugs and cardiac pacing
should be not be used anymore if anti-
digoxin Fab fragments are available.

7. Anti-digoxin Fab fragments represent the
first-line antidote in the presence of
hyperkalemia, cardiac conduction distur-
bances, or life-threatening arrhythmias.

8. The currently recommended dosing regi-
men of anti-digoxin Fab fragments is to
administer 40 mg (one vial) for chronic
poisoning and 80 mg (two vials) for
acute poisoning and repeat after 60 min if
inadequate response or recurrence or ear-
lier if clinical deterioration.

9. Prophylactic semi-molar dosing of anti-
digoxin Fab fragments in the presence of
bad prognosticators has been proposed
with success to reduce digitalis-related
fatality.

10. The extracorporeal removal techniques are
unlikely to improve the outcome of
digoxin-toxic patients whether or not anti-
digoxin Fab fragments is administered.
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