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“The Foxglove”, from “Portraits of Plants” William Withering (1741-1799), Oil on canvas,
Ligozzi 1577. C.F von Breda 1792.

“The foxglove, when given in very large and quickly repeated doses, occasions sickness, vomiting,
purging, giddiness, confused vision, objects appearing green or yellow, increased secretion of urine,
with frequent motions to part with it, and sometimes inability to retain it, slow pulse, even as low as 35
in a minute, cold sweats, convulsions, syncope, death.”

From “An Account of the Foxglove”, William Withering, 1785.

The digitalis plant had been known for many centuries. It was prized not only for its medicinal uses but
also for its rarity and aesthetic beauty. In 1577 the Medici family who were known for their love of
rare and exotic plants commissioned the Veronese painter Ligozzi to “archive” their collection for
posterity. Digitalis purpurea, the “Foxglove”, was one of these exotic plants recorded in Ligozzi’s
magnificently illustrated “Portraits of Plants”, which now resides in the Uffizi Museum archives in
Florence.

The true medicinal uses for the Foxglove, however were not recognized until the Eighteenth century,
when William Withering published his landmark monograph “An Account of the Foxglove and some of
its medicinal uses” (1785). He brilliantly recognized it as the active ingredient effective in the
treatment of “the dropsy” (CCF) in a local folk herbal concoction made up of numerous plants which
was used for a multitude of ailments. Although recognizing its benefits, he also warned of its potential
dangers as seen in his chilling account of its toxicity.



DIGOXIN TOXICITY

ACUTE DIGOXIN TOXICITY

Introduction

Acute digoxin toxicity is a life threatening condition which manifests as:

° Vomiting
° Hyperkalemia
° Cardiac arrhythmias.

Cardiovascular manifestations will be refractory to conventional treatment measures.
Digoxin immune fragments are the definitive treatment.

Early and accurate risk assessment, in cases of both acute and chronic toxicity, allows for the
administration of digoxin immune fragments BEFORE life threatening toxicity develops.

FAB fragments should not be withheld in acute or chronic toxicity due to underestimation of
potential lethality or concerns about cost.

See also separate Digoxin Fab Fragment Document (in Drugs Folder) for indications and
prescribing details in acute and chronic overdose.

Pharmacokinetics

Absorption

° Digoxin is well absorbed orally.

° Its bioavailability is 60-80%.

° Peak serum levels usually occur at 6 hours.

Distribution

° Its volume of distribution is large (5-10L/kg) and this is increased in the elderly and the obese.

Metabolism and elimination

° It is predominantly eliminated by the kidneys with minimal hepatic metabolism.
° Its elimination half-life is 30-40 hours and longer than this in renal impairment

Pathophysiology

Digoxin inhibits the sodium-potassium ATPase pump, which leads eventually to an increase in
intracellular calcium levels as well as movement of potassium from the intracellular space to the
extracellular space.

Increased intracellular calcium leads to enhanced automaticity.



Digoxin also enhances vagal tone resulting in decreased sino-atrial and atrio-ventricular nodal
conduction velocities.

Risk Assessment

For acute overdose potentially lethal digoxin toxicity occurs at:
1. Ingested dose levels of:
° Adults: >10mg
° Children: >4 mg.
2. Serum levels at any time of > 15 nmols/L (12ng/ml) at any time.
3. Potassium levels > 5.5 mmol/L
The risk is increased in the elderly and in renal impairment.

Note that potentially lethal toxicity may also occur in the setting of ingestion of natural (plant)
cardiac glycosides and in containing concoctions of toad skins.

The toxic level of ingestion in children is > 75 micrograms/ Kg.

Clinical Features

The initial toxic effects of nausea and vomiting maybe seen at 2 - 4 hours.
Peak serum levels are seen at about 6 hours.
Death from cardiovascular complications may be seen at 8-12 hours.
Toxic Effects of acute digoxin overdose include:
1. GIT:

These are usually the earliest signs of toxicity.

° Anorexia, nausea, vomiting and diarrhea occurring within 2 - 4 hours of ingestion.
2. CVS:

Enhanced automaticity:

° Ventricular ectopic contractions, (less commonly atrial)

° Atrial tachycardias, often with A-V blocks

° VT

° VF

Bradyarrhythmias:



° Conduction delays / blocks

° Pre-existing AF that has become very slow, (note, AF and atrial flutter are not typically
caused by digoxin toxicity. It is the ventricular rate that is affected)

Hypotension
3. Metabolic:
° Hyperkalemia:
v This is due to blockade of the sodium / potassium pump.

Hyperkalemia of any magnitude is an important early sign of serious digoxin

toxicity.
4. CNS:
° Lethargy
° Confusion

Investigations

1. U&Es / glucose:

° Urgent K+ level.
° Ascertain renal function.
2. Consider co-ingestion:
° Alcohol and paracetamol levels.
3. Urgent serum digoxin level.
This will:
° Confirm poisoning.
° Provide an indication for antibody treatment.
° Levels can be done immediately, but should also be done at 4 hours post ingestion. and

then be monitored at least every 2 hours following this until definitive treatment
(Digibind) or toxicity resolving.

3. 12 lead ECG

Management

1. Acute digoxin overdose is potentially life-threatening and all patients should be managed in a
monitored cube.

° Cardiac monitoring must continue until reversal of toxicity with FAB fragments.



Charcoal:

° Consider charcoal if early presentation (within one hour) and the patient is not vomiting.
Charcoal alone however is unlikely to be life saving.
Arrhythmias:

Bradyarrhythmias:

Atropine
Adrenaline only with caution, due to aggravation of cardiac irritability.
Pacing, but this will rarely be effective.

Fab Fragments remain the definitive treatment

Tachyarrhythmias:

MgSOs is a possible adjunctive measure.

1b anti-arrhythmic agents (lignocaine) may be tried but there is little proven benefit
with these. (1a and 1c agents should definitely be avoided because of significant
conduction delay problems)

Cardioversion is problematic in the presence of digoxin toxicity. It is unlikely to be
effective and may induce VF. If its use is unavoidable then the lowest effective
amount of biphasic energy should be delivered.

Fab Fragments remain the definitive treatment

Hyperkalemia:

Insulin and glucose, bicarbonate may be used.
Calcium should be avoided in digoxin toxic patients.

There are theoretical concerns that calcium can enhance digoxin toxicity, and so
generally it is avoided in this setting, although there is some evidence however that
calcium administration in this setting does not have any adverse clinical effects in
practice. * More to the point is that calcium administration is considered unlikely to
change outcome in life-threatening situations, as there is increased amounts of
intracellular calcium in this scenario, and so - unlike the situation in other causes of
hyperkalemia - further calcium is unlikely to make a difference, (personal
communication Dr Shaun Greene, May 2012).

Fab Fragments remains the definitive treatment for hyperkalemia in digoxin toxic
patients.

Hypokalemia may become a problem as digoxin toxicity resolves.

Digoxin Fragments:

See also separate Digoxin Fab Fragment Document (in Drugs Folder).



Indications in acute overdose:

) Tachyarrhythmias with toxic digoxin levels.

° Bradyarrhythmias with toxic digoxin levels.

° Cardiac arrest.

° Serum Potassium levels > 5 mEg/L in the setting toxic digoxin levels.

° Serum digoxin level > 15nmol/L (12 ng/ml)

° Confirmed oral overdose: > 10 mg digoxin in adults, and 4 mg digoxin in children.
Consider:

° Any toxic digoxin levels in the presence of significant renal impairment.
° Serum Digoxin levels > 10 ng/ml.

Dosing:

Known dose:

The total body load of digoxin (in mg) = the dose ingested (in mg) X 0.8
(Multiply by 0.8 to allow for a bioavailability of 80%)

Each vial will bind 0.5 mg of digoxin

Therefore:

Number of vials needed = The total body load of digoxin (in mg) / 0.5
Alternatively use the following formula:

Number of Ampoules = Ingested dose (mg) x 0.8 (bioavailability) x 2
Unknown dose, (Emergency Empirical Dosing):

If a patient presents with serious digitalis toxicity from an acute ingestion and neither serum
digitalis concentration, nor an estimated ingestion amount is available:

° Give 5 ampoules initially if the patient is hemodynamically stable and 10 vials
initially if unstable.

° Repeat doses of 5 ampoules should be given every 30 minutes until reversal of digoxin
toxicity is achieved.

° In cardiac arrest give 20 vials (760 mg).

Normally in non-emergent situations each vial is diluted in 100 mls of normal saline and
administered 1V over 30 minutes, however the vials can be given more rapidly in less
volume in more urgent situations; e.g. if cardiac arrest is imminent inject over 3 - 5
minutes.



Following adequate dosing a response is normally apparent by 20 minutes and is maximal
by 4 hours.

Disposition

Patients with:

° Falling serial serum digoxin levels

° Normal serum potassium

° No GIT symptoms

° No evidence of cardiotoxicity

at 6 hours may be considered medically clear.

Patients who have received digoxin immune Fab, have normal serum potassium, no significant cardiac
arrhythmia and remain clinically well over the next 6 hours may be considered medically clear.



CHRONIC DIGOXIN TOXICITY

Introduction

Digoxin has a narrow therapeutic index and chronic intoxication can occur.

It is usually seen in elderly patients with renal impairment, dehydration and co-morbidities.
Digoxin immune FAB fragments are affective and should be given in these cases.

Chronic digoxin poisoning is an under diagnosed condition that carries significant morbidity and
mortality.

Early and accurate risk assessment, in cases of both acute and chronic toxicity, allows for the
administration of digoxin immune fragments BEFORE life threatening toxicity develops.

FAB fragments should not be withheld in chronic toxicity due to underestimation of potential
lethality or concerns about cost.

Risk Assessment

Chronic digoxin toxicity although variable in severity is potentially lethal and if unrecognized and
untreated, mortality within one week is 15-30%. *

The probability of chronic digoxin toxicity can be predicted on the basis of the serum digoxin level, the
renal function and clinical features, according to the following table:

Clinical features Probability of digoxin toxicity based on serum digoxin level.
1.5 ng/ml (1.9 nmol/L) 2.5 ng/ml (3.2 nmol/L)

Bradycardia only 10 % 50 %

GIT symptoms only 25% 60 %

GIT symptoms and 60 % 90 %

bradycardia

Automaticity alone 70 % 90 %

Automaticity plus any other >80 % 100 %
feature.




Clinical Features

Chronic digoxin intoxication commonly develops in the context of intercurrent illness, particularly
where this leads to impaired renal function, and hence digoxin elimination.

The patient’s clinical features will often be difficult to attribute to digoxin toxicity and/ or the
intercurrent illness.

The onset is insidious over days to weeks and features may include those listed above under acute

intoxication together with visual disturbances such as reduced acuity, yellow halos (xanthopsia) and
altered color perception (chromatopsia).

Investigations

1. Serum digoxin level
° This should be on a steady state level 6 or more hours after the last dose.
° Levels near the therapeutic range (0.6-1.3 nmol/L) correlate poorly with severity of
intoxication.

2. U&Es/ glucose
3. ECG.
4, Other tests as clinically indicated to assess for intercurrent illness.

Management

1. Cardiac monitoring should be in place as for acute overdoses whilst the patient is being treated
with digoxin immune fragments.

2. FAB fragments

° Are given when there is an elevated steady state digoxin level with clinical features of
digoxin toxicity.

FAB fragments should not be withheld in chronic toxicity due to underestimation of
potential lethality or concerns about cost.

See also separate Digoxin Fab Fragment Document (in Drugs folder)

Indications in chronic toxicity:

° Tachyarrhythmias with toxic digoxin levels.
° Bradyarrhythmias with toxic digoxin levels.
° Cardiac arrest.

° Moderate to severe GIT symptoms

° Any symptoms in the presence of impaired renal function



See also Risk Assessment Table Above
Dosing:

Number of ampoules = serum digoxin (ng/ml) x body weight (Kq)
100

Worked approximations using this formula are as follows:

Adult Dose Estimate of Digibind (in # of vials) From Steady State Serum Digoxin
Concentration (i.e. 6 or more hours after last dose).

Patient Weight (kg) | Serum Digoxin Concentration (ng/ml)

1 2 4 8 12 16 20
40 05v lv 2V 3v 5v v 8v
60 05v lv 3v 5v v 10v 12 v
70 lv 2V 3v 6V 9v 11v 14 v
80 lv 2V 3v v 10v 13v 16 v
100 lv 2V 4v 8v 12 v 16 v 20v

Where v = vials

Note that many laboratories now measures serum digoxin levels in nmols/L. The conversion
factor is ng/ml x 1.28 = nmols/L

Alternatively:

Empiric dosing:

Give 2 ampoules and observe for clinical response.

If toxicity remains after 30 minutes give a further 2 ampoules.
Disposition:

If significant cardiac arrhythmias do not occur over a 6 hour observation period following Fab
treatment, further cardiac monitoring is not indicated.
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