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Introduction 
For more than 200 years, cardiac glycosides have been used for heart failure due to systolic dysfunction and certain 
supraventricular tachyarrhythmias. Though its usage has declined, it is still a regularly encountered medication, especially in 
older patients and those with advanced heart failure, making toxicity a genuine concern. Digoxin toxicity remains a source of 
morbidity and mortality all emergency physicians should understand. In 2017 alone, there were 1,689 cases of cardiac glycoside exposures reported in 
the US with 559 having moderate or major toxicity. 23 of them died. Additionally, about 1,500 patients were reported to have exposure to cardiac 
glycoside plant species. 
 
Rare you say? Yes, but boards don’t care. Repeat after us: “you will see digoxin toxicity questions on your boards, and you must be prepared for an oral boards 
case as well.” 
 
Multiple cardiac glycosides exist in nature, and these were used to treat heart failure before digoxin was manufactured. You should be familiar with 
their names: foxglove, dogbane, red squill, lily of the valley, oleander, and henbane. 
 
Quick Pathophysiology 
In myocytes, the intracellular influx of calcium is necessary for muscle contraction. Cardiac glycosides reversibly inhibit the membrane Na-K 
ATPase. This increases intracellular sodium and decreases intracellular potassium. The increase in intracellular sodium halts the sodium-
calcium channel from expelling calcium from the myocyte. Calcium accumulates inside the myocyte, thus contributing to further contraction. 
In summary, cardiac glycosides cause the following: 
-increased inotropy in cardiac myocytes 
-increased vagal tone, reducing conduction from the SA and AV nodes 
-shortened repolarization of the atria and ventricles 
-decreased refractory period of the myocardium 
 
You can imagine that tinkering with all these cardiac parameters can spell disaster if there is toxicity, and you would be absolutely correct. 

Too much intracellular calcium can cause after-depolarizations and result in premature beats and triggered arrhythmias.  

The decreased refractory period also increases automaticity and heightened risk for arrhythmia. 

Let’s focus on digoxin and ignore the plants (#thankgod). Digoxin is the most common cardiac glycoside toxicity. It has a very narrow 
therapeutic index so toxicity has a high potential. It is very dependent on the body’s pharmacokinetics. 
 
Normal EKG findings associated with digoxin therapy 
We would be remiss to mention the common, expected EKG findings associated with therapeutic digoxin therapy (so-called “digitalis effect”): 
T wave flattening or inversion, QT interval shortening, and scooped ST segments with depression (Salvador Dali sagging). 
 
Presentation in acute toxicity 
Patients typically present bradycardic (increased vagal tone). For the first several hours’ patients might not even have symptoms. EKG findings 
still might be present early on. 

Gastrointestinal symptoms are typically the initial symptoms: n/v, anorexia, generalized abdominal pain. 

Later on, neurologic symptoms such as confusion and generalized weakness may be seen. This is due to both direct drug toxicity and cerebral 
hypoperfusion as well. 

Visual changes are rare, but classic on boards. Changes in color vision (chromatopsia), diplopia, photophobia, decreased acuity, or even 
blindness can occur. Xanthopsia (EM Board Bombs word of the day), is where objects appear yellow. Again, exceedingly rare but boards love it. 
And no Vincent Van Gough did not suffer from digoxin toxicity despite what you might have heard. Just listen to this discussion from the 
Curious Clinicians for more. 
 
Out of all objective findings on presentation, arrhythmias are the most common, and virtually any arrhythmia can occur. 
The most common arrhythmia: Premature ventricular contractions (PVCs) 
The least common arrhythmias: A-flutter, A-fib, and Mobitz type II second degree AV block 
 
Others you need to know: atrial tachyarrhythmias with AV block, VT, V. fib. 
Classic test EKG finding: bidirectional ventricular tachycardia (rare, but on boards)-  bidirectional tachycardia is a regular rhythm where every 
other beat has a different axis as it moves via different conduction pathways. 
 
Workup 
As with all suspected poisonings and toxicologic cases, Poison Control should be alerted. Once ABCs are taken care of, you should be asking 
the following rubric of questions to the patient (if not indisposed), EMS, family, or police: 

Agent taken, amount taken, other co-ingestants, time of ingestion. 

Most digoxin toxicity cases are accidental, and asking about recent diarrheal illnesses, dehydration, or acute renal insufficiency are good 
questions because they could hint at reasons the drug levels would suddenly increase in the body. 

Fingerstick glucose, EKG, CBC, CMP, salicylate and acetaminophen levels, blood gas, pregnancy test, digoxin level 
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Digoxin levels should be drawn on presentation and six hours after ingestion. 
 
Electrolyte abnormalities: increase in extracellular potassium is a very common finding. 
Hyperkalemia is an important marker and predictor of mortality. 

In fact, one study showed patients with a K level >5.5 mEq/L had 0% survival. No patient with a K level <5 died. 
 
Renal injury is commonly seen and is the usual cause of acute toxicity. 
 
Digoxin levels: normal = 0.5 - 0.8 ng/mL (0.65 to 1 nmol/L) 
Digoxin levels do not necessarily correlate with toxicity. Treat the patient. 
Digoxin levels should not be used to calculate antidote therapy with Fab fragments. 
 
After fab fragments are given, total serum digoxin levels are unreliable because they measure both bound and unbound drug. If available, “free 
digoxin” levels may be used. 
 
Management 
Fab fragments (digoxin-specific antibodies) are the antidote. Empiric treatment is 10 vials of fab fragments for adults, 5 vials for children. Fab 
fragments may be used for empiric treatment of plant-based cardiac glycoside overdose as well. One vial binds ~0.5 mg of digoxin. 
Hemodialysis and extracorporeal membrane removal are not effective and should not be used. 
 
When to give fab fragments is fairly obvious: 
-Any unstable arrhythmia 
-Hyperkalemia 
-End organ dysfunction (altered mental status, renal failure) 
 
In general, you should not give fab fragments in an asymptomatic patient that is well-appearing with normal labs just because they have an 
elevated digoxin level. As always, consult with your toxicologist. 
 
Bradycardia is managed with atropine, hypotension with IV fluids (caution in heart failure patients). 
 
Any unstable tachyarrhythmia in an unstable patient warrants immediate electrical cardioversion. This is not the solution to the problem but 
every attempt should be made to maintain end-organ perfusion. ACLS guidelines should be referred to. 
 
Hyperkalemia itself does not cause death. Temporizing measures to lower K levels do not reduce mortality. If fab fragments are given, 
hyperkalemia corrects itself. On the boards, do not treat hyperkalemia.  
In practice, we realize these are difficult patients to manage and the K level might return before the digoxin level, prompting the provider to 
urgently manage an electrolyte issue in the setting of new EKG findings. 
However, giving potassium-lowering therapy can actually cause hypokalemia if Fab is given as well which is not good either. In fact, 
hypokalemia exacerbates digoxin toxicity. Be judicious, do the best you can, and please don’t just “throw meds at the patient hoping something 
sticks”. 
On that note, on the boards, IV calcium should never be given as a preventive measure against hyperkalemia for cardiac protection. There is a 
dogmatic belief dating back to the 1930s that IV calcium will cause “stone heart”, where the heart enters an irreversible, non-contractile state 
due to impaired diastolic relaxation. This theory is all hogwash (e.g. foolish). More and more studies suggest there is no evidence IV calcium 
causes anything serious. 

 
 
 
 
Bottom line: IV calcium is safe to give in 
patients with digoxin overdose, but it is 
debatable if it is effective. What we do 
know: in cases of hyperkalemia where 
digoxin toxicity has not yet been 
confirmed, IV calcium is potentially 
lifesaving and should not be withheld. 
See our table above for a summary of 
actions to take when it comes to digoxin 
overdose, both on boards and in practice. 
 
 

 
Disposition: all patients should be admitted and monitored a minimum of 72 hours if they received fab fragments. If they are asymptomatic but 
suspected toxicity is a concern and/or elevated digoxin levels, monitor for 6 hours and repeat level. If repeat is unchanged and patients remain 
asymptomatic, discharge may be appropriate. 
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Digoxin Management 
Snapshot 

What to do in real practice What to do on Boards 

Fab fragments Always give. 10 vials in adult, 5 in peds Always give. 10 vials in 
adult, 5 in peds 

IV calcium “Stone heart” is a myth. It causes no harm to the 
patient. Unknown if helpful. Reasonable to give if 
patient has hyperkalemia and EKG changes 

Never, ever give 

Potassium-lowering 
agents 

Caution in giving as they can cause hypokalemia in 
conjunction with Fab fragments. Hypokalemia 
exacerbates digoxin toxicity. 

Never, ever give 

Unstable 
tachyarrhythmia 

Immediate electrical cardioversion Follow ACLS guidelines; 
cardioversion 


