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POISONOUS SUBSTANCES

L] (]
Digoxin
Andrew Dawson
Nick Buckley

Abstract

Digoxin and other cardiac glycosides cause a large number of cardiac
effects in overdose leading to both bradyarrhythmias and tachyarrhyth-
mias. Acute poisoning is usually less severe than chronic toxicity. The
specific antidote, digoxin-Fab antibodies, is expensive but effective and
is generally reserved for the treatment of severe poisonings.

Keywords cardiac glycosides; digoxin; toxicity

Although this contribution focuses on digoxin, the toxicological
mechanisms and treatment are similar for poisoning with digi-
toxin and cardiac glycoside-containing plants.!»

Mechanism of toxicity

Digoxin inhibits the Na*/K*-ATPase transport mechanism in
myocardial and cardiac conducting tissue, preventing potassium
transport into cells and causing intracellular increases in sodium
and calcium ions.3 Automaticity and excitability with early and
late after-depolarizations are thereby increased. Digoxin also
causes atrioventricular (AV) nodal block and reduced conduc-
tion velocity throughout the His-Purkinje system.

Binding of digoxin to the Na*/K*-ATPase transport system
is inhibited by high levels of potassium, and the activity of this
enzyme is increased by the presence of magnesium. Thus, both
hypokalaemia and hypomagnesaemia increase digoxin toxicity,
and hyperkalaemia and hypermagnesaemia are protective.

Various other drugs may slow the AV node (e.g. verapamil,
B-blockers), or may lead to hypokalaemia and hypomagnesaemia
(e.g. diuretics), or alter renal clearance of digoxin (e.g. quinidine,
verapamil). Sensitivity to digoxin is increased in patients with
myocardial disease, respiratory disease or hypothyroidism.*
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Clinical features

Patients initially complain of nausea, vomiting and diarrhoea.
In chronic toxicity, confusion and visual changes may develop.
Early electrocardiogram (ECG) changes in digoxin overdose
include extrasystoles and minor degrees of AV nodal block. In
addition, there may be ST depression, which may mimic isch-
aemic changes. Bradyarrhythmias include second-degree and
third-degree heart block and atrial fibrillation with a slow ven-
tricular response. Junctional and atrial tachycardias occur; these
often exhibit rates of 80-100 beats per minute and could therefore
be considered accelerated escape rhythms or slow supraventricu-
lar tachycardias. Ventricular tachycardias result from increased
automaticity and early and late after-depolarizations. Ventricular
fibrillation may also complicate poisoning.®

Management

Assessment of severity — all patients should undergo urgent ECG,
and electrolyte (particularly magnesium and potassium) and
digoxin concentrations should be determined. In acute digoxin
toxicity, potassium levels of more than 5.0 mmol/L are predictive
of major toxicity. Digoxin concentrations define both the need
for therapy and the dose of digoxin antibody fragments (Fab)
required. However, plasma digoxin concentrations are often spu-
riously high in samples taken within 6 hours of ingestion, because
the digoxin is in its distribution phase. Samples taken after 6 hours
enable more accurate estimation of the body’s digoxin burden.

Treatment — patients who have ingested an acute overdose
of more than 0.1 mg/kg less than 2 hours previously should be
given activated charcoal. Repeat doses of activated charcoal are
of benefit following plant ingestion,® and may increase elimina-
tion of digoxin.” Endotracheal intubation and gastric lavage can
lead to increased vagal tone and worsen bradyarrhythmia, and
premedication with atropine is advisable if these interventions
are undertaken.

Cardiac monitoring should be undertaken and intravenous
access obtained in all patients who have ingested significant
amounts of digoxin. Normal saline is the intravenous fluid of
choice. Glucose may worsen hypokalaemia.

Hypokalaemia and hypomagnesaemia should always be cor-
rected. Normokalaemia or hypokalaemia is more common in
patients with heart disease who develop chronic toxicity, because
of the use of diuretics and renal excretion of potassium over pre-
ceding days.

Indications for digoxin antibody fragments

Any of the following:
Life-threatening dysrhythmias

Ventricular tachycardia/ventricular fibrillation

Third-degree heart block
Cardiac compromise — in patients with underlying cardiac disease
Serum potassium > 6 mmol/L
Digoxin > 7.8 ug/L (10 nmol/L) 6 hours after acute overdose or
in chronic toxicity

Table 1
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Calculation of digoxin antibody fragments (Fab) dose

From dose ingested
One 40 mg vial of digoxin-Fab binds 0.6 mg of digoxin; thus,
ingestion of 3 mg of digoxin requires 5 vials

From serum digoxin concentration

This method uses the estimated volume of distribution (adults
8 L/kg, children 2-10 years 13 L/kg, infants 2—24 months

16 L/kg, neonates 10 L/kg) and the measured digoxin
concentration

Total body burden of digoxin = concentration in pg/L (nmol/L x
1.28) x weight (kg) x volume of distribution

Number of 40 mg vials of digoxin-Fab required = total body
burden/0.6

By titration

The digoxin-Fab dose may be titrated against the clinical
response; 4-6 vials of digoxin-Fab are given and further vials are
administered depending on their clinical effect. This method may
be more useful in patients with hyperkalaemia or heart block
than in patients with ventricular tachyarrhythmias, in whom
treatment is more urgent.

This contribution was adapted with permission from Buckley NA, Dawson
AH, Whyte IM. HyperTox 2006 for Windows and PDA: Assessment and
Treatment of Poisoning. www.hypertox.com

Table 2

No attempt should be made to correct mild-to-moderate
hyperkalaemia, this is simply an indicator of the extent of potas-
sium binding site antagonism, and can be monitored over time
to determine if further treatment is indicated. Potassium concen-
trations of more than 6 mmol/L are usually present in severe
acute toxicity, and are an indication for digoxin-Fab. It is con-
troversial as to whether correction of this degree of hyperkalae-
mia is beneficial if digoxin-Fab is not available. Administration
of digoxin-Fab is the primary treatment for all the major cardiac
complications of heart block and arrhythmias (Table 1).8? If this
is unavailable, heart block should be treated with pacing and
tachyarrhythmias may be treated with magnesium.!® Dextrose
and insulin infusion has prolonged survival in animal models of
digoxin toxicity.!!

Digoxin-Fab - these digoxin-specific antibodies bind rapidly to
digoxin, removing it from the Na*/K*-ATPase pump. The Fab-
digoxin complex is then excreted renally. Although total digoxin
concentrations may increase manyfold, free serum digoxin con-
centrations decrease. The Fab-digoxin complex is excreted with
a half-life of 12-24 hours (this may be greatly prolonged in the
presence of renal failure).12

Digoxin-Fab binds to digoxin in a 1:1 ratio; thus, the total dose
required depends on the amount of digoxin to be neutralized. The
dose may be calculated from the known dose ingested or from
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the digoxin level if the digoxin concentration has equilibrated
(Table 2). In practice, complete binding of digoxin is not always
required and 50% of the calculated loading dose followed by
clinical review is a more economical and rational approach.!3

Magnesium enhances Na*/K*-ATPase activity without alter-
ing digoxin concentration or digoxin binding. It may be useful
when digoxin-Fab are indicated but not immediately available.
The calcium channel-blocking properties of magnesium make
it useful in tachyarrhythmias, but may, paradoxically, initially
worsen AV block in bradyarrhythmias.10

Other drugs — atropine (1 mg intravenously), repeated as nec-
essary, should be given to all patients with bradyarrhythmia. If
other anti-arrhythmic drugs are required, class 1B drugs should
be used because they do not impair AV nodal conduction. Class
1A anti-arrhythmic drugs are contraindicated. Temporary pacing
may be required in some patients. *
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