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 ABSTRACT  
 Digoxin was first isolated from Digitalis lanata in 1930. Digoxin is a cardiac glycoside used in the treatment of 

heart failure and arrhythmia. It was approved in 1998 by the American Food and Drug Administration for the 

treatment of heart failure. Although it is frequently used in heart failure patients, it can be used for atrial fibrilla-

tion and heart palpitations. It can be used orally or by intravenous injection. It exerts its effects by inhibiting the 

Na+, K+-dependent ATPase pump in cardiac cells. It slows heart rates by its negative effect on the sinoatrial node. 

It has a positive effect on ventricular contraction. However, it causes a decrease in heart rates due to its negative 

effect on the atrioventricular node. The narrow safety margin of blood digoxin levels raises some concerns about 

the drug. Toxic effects can be seen if serum levels rise above 2 ng/mL. Common effects include breast enlarge-

ment in men, loss of appetite, confusion, deterioration in visual quality, and disturbances in heart rhythm. Our aim 

in this article is to summarize the effects of digoxin on the cardiovascular system and current approaches in case 

of possible side effects. 
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 ÖZET  
 Digoksin zehirlenmesi 

Digoksin ilk kez 1930 yılında Digitalis lanata isimli yüksük otundan izole edilmiştir. Digoksin, kalp yetmezliği ve 

ritm bozukluğu tedavisinde kullanılan kardiyak bir glikoziddir. Kalp yetmezliği tedavisinde Amerikan Gıda ve 

İlaç Dairesi tarafından 1998 yılında onaylanmıştır.  Kalp yetmezliği hastalarında sıklıkla kullanılmasına rağmen 

atriyal fibrilasyon ve kalp çarpıntısı için kullanılabilmektedir. Oral ya da damar enjeksiyonu yoluyla kullanımı 

mümkündür. Etkilerini kardiyak hücrelerdeki Na+, K+’a bağlı ATPaz pompasını inhibe ederek gösterir. Sinoatri-

yal düğüm üzerine negatif etkisiyle kalp hızlarını yavaşlatır. Buna rağmen ventrikül kontraksiyonunu olumlu 

etkilemektedir. Fakat, atriyoventriküler düğüm üzerindeki negatif etkisinden dolayı kalp hızlarında azalmaya 

neden olur. Kan digoksin düzeyinin güvenlik aralığı dar olması ilaç hakkında bazı endişelere neden olmaktadır.  

Serum düzeyleri 2 ng/mL’nin üzerine çıkması durumunda toksik etkiler görülebilmektedir. Yaygın etkiler arasın-

da erkeklerde meme büyümesi, iştahsızlık, konfüzyon, görme kalitesinde bozulma ve kalp ritminde bozulmalar 

gibi etkiler mevcuttur. Bu yazımızdaki amacımız, digoksinin kardiyovasküler sistem üzerine etkilerini ve olası 

yan etkileri durumunda güncel yaklaşımları özetlemektir. 
 

Anahtar kelimeler: digoksin, kalp yetmezliği, farmakokinetik profil 

 

   

 
INTRODUCTION 

Digoxin has been used in the treatment of several 

disorders for centuries; however, it was firstly used in 

cardiac diseases in England in1785 with the discovery 

of its effects on the heart by William Withering [1]. 

Digoxin is classified as a cardiac glycoside. Digitoxin 

and ouabain are other members of the cardiac glyco-

side family and are rarely used compared to digoxin. 

Digoxin is derived from Digitalis purpurea and Digi-

talis lanata, which are commonly known as the fox-

gloves, and is currently used in the treatment of heart 

failure and arrhythmias [2]. Despite the discovery of 

novel therapeutic agents with advanced technology, 

digoxin is still the most preferred treatment in heart 

failure due to its inexpensive and well-tolerated fea-

ture [3]. Digoxin is one of the most commonly pre-

scribed medications worldwide [4]. 

The incidence and prevalence of heart failure increas-

es with age. Due to the high prevalence of heart fail-

ure in the elderly patient population, digoxin is widely 

used for the treatment. Despite its advantages of being 

widely used, factors including a decrease in the body 

mass index and renal function, an increased incidence 

of concomitant disorders and an increase in the num-

ber of medications with age, and narrow therapeutic 

and toxic dose ranges of digoxin are associated with 

an increased risk of intoxication. Intoxication general-

ly occurs due to chronic use of digoxin. Acute digitalis 

intoxication is rather uncommon [5]. Increased level 

of serum digoxin over the therapeutic limit is associat-

ed with increased mortality [6]. In several case series, 

mortality rates in digoxin intoxication have been re-

ported between 20% and 30% [7-9]. 
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MECHANISM OF ACTION 

The major mechanism of action of digoxin begins 

after blocking the alpha subunit by binding to the 

sodium-potassium ATPase pump located on the cell 

membrane. Intracellular calcium increases as a result 

of the decrease in sodium-calcium exchange due to an 

increase in intracellular sodium [10,11]. Tension of 

the actin and myosin filaments in cardiac sarcomeres 

is increased as a result of the increase in intracellular 

calcium. These changes lead to an increase in cardiac 

contractility by using digoxin in therapeutic doses. In 

addition to these effects, digoxin also has neurohor-

monal effects. Digoxin leads to an increase in heart 

rate variability, a decrease in plasma renin activity, 

and an inhibition in the sympathetic system in patients 

with heart failure. Digoxin has a direct inhibitory 

effect on the sympathetic system; its parasympatho-

mimetic effects have also been demonstrated [11-13]. 

In addition, digoxin causes an increase in baroreceptor 

sensitivity [14]. The effects of digoxin on brain natriu-

retic peptide and cytokines, such as tumor necrosis 

factor-alpha, have also been demonstrated in recent 

studies [15,16]. 

Digoxin-related electrophysiological changes are 

associated with the inhibitory effect of digoxin on the 

sodium pump in the cell membrane and its effects on 

the autonomic system. Consequently, deceleration in 

the sinus rate, prolongation of the refractory period in 

the atrioventricular (AV) node, and slowing in con-

duction occur. Digoxin does not have a significant 

effect on Purkinje fibers at therapeutic doses. Due to 

an increase in these changes at toxic doses, digoxin 

leads to complete AV block and ventricular arrhyth-

mias related to the increase in spontaneous conduction 

in Purkinje fibers [17]. 

 
PHARMACOLOGIC EFFECTS 

Digoxin is absorbed from the gastrointestinal tract in a 

proportion of between 60% and 80%. Approximately 

30% of the digoxin is bound to plasma albumin. Most 

of the digoxin is excreted from the kidneys by glo-

merular filtration and the tubulus by secretion without 

changing [18]. In addition to cardiac muscle, digoxin 

also binds to skeletal muscle. Therefore, serum digox-

in and tissue levels are not the same. In general, the 

therapeutic dose range is considered to be 0.5-1.5 

ng/mL [19]. The most effective dose range in the 

treatment of chronic heart failure has been reported to 

be 0.5-0.9 ng/mL [20, 21]. Without a loading dose, 

digoxin reaches to a stable serum level in 6-7 days in a 

patient with normal renal function. Digoxin can also 

be used intravenously. Intravenous administration of 

digoxin at high doses causes peripheral vasocon-

striction [22]. Digoxin mechanism of action is shown 

in Figure 1. 

 
DIAGNOSIS IN DIGOXIN INTOXICATION 

Drug intoxication is an important problem in elderly 

patients. The most frequent reasons of intoxication in 

the elderly population include dementia, unconscious-

ness, inappropriate drug usage, and drug storage con-

ditions. Moreover, a high dose of drug ingestion for 

suicidal purposes can also cause intoxication. Digoxin 

intoxication is one of the most frequent causes of 

emergency service admissions due to drug intoxica-

tion. In the study of Digitalis Investigation Group 

related to digoxin use, the hospitalization rate due to 

digoxin intoxication was 2% [23,24]. 

Digoxin intoxication generally occurs as a result of 

using high doses to obtain high therapeutic efficacy 

[25]. It is often observed in elderly patients with heart 

failure and reduced renal function. Diagnosis of di-

goxin intoxication is based on clinical suspicion. Se-

rum digoxin levels >2.0 ng/mL is an important risk 

indicator for intoxication. Measuring the serum level 

of digoxin only assists to obtain an accurate diagnosis. 

There is no definite relation between the serum level 

of digoxin and the clinical presentation, since the 

serum digoxin concentration is not dose-dependent 

only; it is closely associated with present clinical sta-

tus of the patient and other concomitant medications. 

Diuretics, anti-arrhythmics (amiodarone, verapamil, 

and propafenone), macrolide antibiotics, and antacids 

that are used with digoxin can lead to intoxication by 

increasing the serum digoxin level. 

The clinical manifestations of digoxin intoxication 

occur in various forms. Specifically, the clinical mani-

festations may present with gastrointestinal system 

symptoms, including nausea, vomiting, diarrhea, and 

abdominal pain, or as central nervous system symp-

toms, such as weakness, headache, confusion, apathy, 

and vision disturbances (blurred vision, yellow-green 

chromatopsia, yellow halo, and photopsia [26].  

The electrocardiographic findings may present in 

various forms. There is not always a single type of 

dys-rhythmia. Premature ventricular beats, paroxys-

mal atrial tachycardia, AV block, nodal rhythms, and 

bidi-rectional  
ventricular tachycardia are often noted on the electro-

cardiography (ECG). However, these ECG findings 

are not specific. Most of the patients admitted to the 

hospital with a preliminary diagnosis of digoxin intox-

ication are elderly individuals. Conduction disorders 

or arrhythmias secondary to coronary ischemia inde-

pendent to digoxin may also be observed in this pa-

 

Figure 1. Mechanism of action of digoxin at the 

cellular level. 
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tient group as a consequence of advanced age. Since 

these types of arrhythmias resemble the arrhythmias 

which occur with digoxin intoxication, these condi-

tions should also be considered when digoxin intoxi-

cation is suspected. 

There are some conditions which increase the sensitiv-

ity to digoxin intoxication. Indeed, intoxication symp-

toms may be present even though serum digoxin lev-

els are normal. The following conditions should there-

fore be considered in patients suspected with digoxin 

intoxication: renal failure, some concomitant medica-

tions, electrolyte imbalances (hypomagnesemia, hy-

percalcemia, and particularly hypokalemia), low body 

mass index, chronic hypoxia, alkalosis, hypothyroid-

ism, cardiac amyloidosis, acute coronary syndromes, 

and digoxin hypersensitivity [27]. 

The mortality rate of acute digitalis intoxication varies 

in different case series, but is generally 5% to 10% 

[28]. The mortality rate is increased by advance age 

and renal failure. 

 
MANAGEMENT OF DIGOXIN INTOXICATION 

The most important issues in the diagnosis of digoxin 

intoxication are suspicion and early diagnosis. When 

digoxin intoxication is suspected, digoxin should be 

discontinued firstly, and if any other medications are 

present which may increase the serum digoxin level 

should be immediately discontinued. The patient 

should instantly be monitored in terms of hemody-

namics. The medical histories should be obtained from 

patients or their relatives during emergency admis-

sions. The digoxin dose and usage, as well as the 

name of the other concomitant medications and exist-

ing diseases are important in the diagnosis, follow-up, 

and treatment of digoxin intoxication. In addition to 

measurement of the serum digoxin level, serum elec-

trolyte level, renal function, and ECG should be eval-

uated. If the time since the last digoxin dose is <30 

minutes, vomiting should be induced or gastric lavage 

is recommended. Patients do not benefit from hemodi-

alysis for digoxin intoxication due to the large volume 

of distribution of the drug [19]. 

Following all of these evaluations, electrolyte imbal-

ances, such as hypomagnesemia, hypercalcemia, and 

hypokalemia should be corrected. It is especially im-

portant to focus on hypokalemia. If there is profound 

hypokalemia, attempts should be performed for im-

mediate replacement therapy. The presence of AV 

block on ECG or renal function should be assessed 

before this replacement therapy. The visual for the 

approach to digoxin intoxication is shown in Figure 2. 

In the presence of AV block or symptomatic brady-

cardia according to monitoring and ECG findings, a 

transient cardiac pacemaker should be immediately 

placed in the case of an inadequate response to an 

initial trial of intravenous atropine. Hemodynamic 

monitoring and follow-up is sufficient in other asymp-

tomatic and hemodynamically stable patient groups. 

In cases involving severe life-threatening digitalis 

intoxication, digoxin Fab antibodies should be used 

[29]. Due to these antibodies, digoxin and digoxin Fab 

antibodies form immune complexes, which are excret-

ed via the renal pathway. The duration of this antibody 

treatment is prolonged in the presence of renal failure. 

Measurement of the serum digoxin level after this 

process will not provide accurate results due to these 

complexes. Digoxin Fab antibody treatment, which is 

the most effective treatment method of digoxin intoxi-

cation alone, is very important [30]. 

 
APPROPRIATE DOSING IN DIGOXIN TREATMENT 

Serum digoxin levels of 0.5-1.0 ng/mL can be 

achieved by daily doses of 0.25-0.5 mg in most pa-

tients with heart failure. The appropriate therapeutic 

dose range is between 0.5 and 2.0 ng/mL. Age, gen-

der, renal function, diuretic usage, concomitant medi-

cations, and the use of other drugs that are known to 

affect the serum digoxin level should all be considered 

when determining the digoxin dose. In a male patient 

in whom heart failure is stable, the serum digoxin 

level can be maintained <1.0 ng/mL with a 0.25 

mg/day dose. If the patient is elderly and has a mild 

reduction of renal function, a daily dose of 0.125 mg 

is sufficient in females [31]. If initiation of digoxin 

treatment is considered in patients under chronic heart 

failure treatment, there is no need for a loading dose. 

A loading dose may be necessary in emergency condi-

tions. The loading dose may be between 0.5 and 0.75 

mg in patients with normal renal function. 

 
MEASUREMENT OF THE SERUM DIGOXIN LEVEL 

The serum digoxin level should be measured in pa-

tients having high risk for digoxin intoxication. It 

should be considered that serum digoxin has an exten-

sive volume of distribution. Thus, problems occur in 

measurement standards. For example, since serum 

digoxin levels may decrease following physical activi-

ty, the serum digoxin level should be measured by 

obtaining blood samples after at least 2 hours of rest-

ing in the supine position if possible [32, 33]. 

 

Figure 2. General approach algorithm for digoxin 

intoxication. 
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Stable serum levels are achieved 6-7 days after the 

initiation of digoxin treatment. Therefore, it is more 

appropriate to measure the digoxin level at least 1 

week after the initiation of the treatment. The half-life 

of digoxin is 36-48 hours in patients with normal renal 

function. The half-life of digoxin is prolonged to 4-7 

days in the case of decreased renal function [11]. 

When measuring the digoxin level, the time since the 

last dose of digoxin is important. Measurement can be 

performed at least 6-8 hours after the ingestion of the 

last dose; however, the serum level should be optimal-

ly measured just prior to the next scheduled dose [34]. 

If the measured serum level is within the preferred 

range, re-measurement is not necessary unless there is 

renal dysfunction, a change in clinical status, signifi-

cant weight loss, or an initiation of a new medication 

which might increase the serum digoxin level [31]. 

 

DISCUSSION 

Despite advances in drug technology, digoxin is one 

of the most commonly prescribed drugs worldwide for 

the treatment of heart failure owing to its low cost and 

easy tolerability. Frequent use is associated with an 

increased incidence of intoxication. Clinical status, 

age, renal function, and concomitant medications 

should be considered before prescribing digoxin. It is 

important to follow-up carefully the clinical symptoms 

of the patients having digoxin treatment and accord-

ingly to modify the treatment. Digoxin can be used 

more safely when all these factors are taken into con-

sideration. Currently, it appears that digoxin will con-

tinue to be used for a long period of time. 

 
Conflict of interest: None 

Funding: None 

 

 

REFERENCES
1. Withering W. An Account of the foxglove and some of its 

medical uses; with practical remarks on dropsy and other 

diseases. London: GGJ and Robinson; 1785:232-52. 

2. Whayne TF Jr. clinical use of digitalis: A state of the art 

review. Am J Cardiovasc Drugs. 2018;18(6):427-40. 

3. Ward RE, Gheorghiade M, Young JB, Uretsky B. Eco-

nomic outcomes of withdrawal of digoxin therapy in adult 

patients with stable congestive heart failure. J Am Coll 

Cardiol. 1995;26(1):93-101.  

4. Gheorghiade M, Pitt B. Digitalis Investigation Group 

(DIG) trial: A stimulus for further research. Am Heart J. 

1997;134(1):3-12. 

5. Leor J, Goldbourt U, Rabinowitz B, et al. Digoxin and 

increased mortality among patients recovering from acute 

myocardial infarction: Importance of digoxin dose. The 

SPRINT Study Group. Cardiovasc Drugs Ther. 

1995;9(5):723-9. 

6. Ordog GJ, Benaron S, Bhasin V, Wasserberger J, Bal-

asubramanium S. Serum digoxin levels and mortality in 

5,100 patients. Ann Emerg Med. 1987;16(1):32-9. 

7. Hickey AR, Wenger TL, Carpenter VP, et al. Digoxin 

immune Fab therapy in the management of digitalis intoxi-

cation: Safety and efficacy results of an observational sur-

veillance study.  J Am Coll Cardiol. 1991;17(3):590-8.  

8. Taboulet P, Baud FJ, Bismuth C. Clinical features and 

management of digitalis poisoning-rationale for immuno-

therapy. J Toxicol Clin Toxicol. 1993;31(2):247-60.  

9. Antman EM, Wenger TL, Butler VP Jr, Haber E, Smith 

TW. Treatment of 150 cases of life-threatening digitalis 

intoxication with digoxin-specific Fab antibody fragments. 

Final report of a multicenter study. Circulation. 

1990;81(6):1744-52. 

10. Fozzard HA, Sheets MF. Cellular mechanism of action 

of cardiac glycosides. J Am Coll Cardiol. 1985;5(5 Suppl 

A):10A-15A.  

11. Eichhorn EJ, Gheorghiade M. Digoxin. Prog Cardiovasc 

Dis. 2002;44(4):251-66. 

12. Eichhorn EJ, Bristow MR. Medical therapy can improve 

the biological properties of the chronically failing heart. A 

new era in the treatment of heart failure. Circulation. 

1996;94(9):2285-96. 

13. Ferguson DW, Berg WJ, Sanders JS, Roach PJ, Kempf 

JS, Kienzle MG. Sympathoinhibitory responses to digitalis 

glycosides in heart failure patients. Direct evidence from 

sympathetic neural recordings. Circulation. 1989;80(1):65-

77. 

14. Wang W, Chen JS, Zucker IH. Carotid sinus barorecep-

tor sensitivity in experimental heart failure. Circulation. 

1990;81(6):1959-66. 

15. Matsumori A, Ono K, Nishio R, et al. Modulation of 

cytokine production and protection against lethal endotoxe-

mia by the cardiac glycoside ouabain. Circulation. 

1997;96(5):1501-6. 

16. Tsutamoto T, Wada A, Maeda K, et al. Digitalis increas-

es brain natriuretic peptide in patients with severe conges-

tive heart failure. Am Heart J. 1997;134(5 Pt 1):910-6. 

17. Smith TW, Antman EM, Friedman PL, Blatt CM, Marsh 

JD. Digitalis glycosides: Mechanisms and manifestations of 

toxicity. Part III. Prog Cardiovasc Dis. 1984;27(1):21-56.  

18. Francke DE. Bioavailability of digoxin. Ann Pharma-

cother. 2006;40(6):1185.  

19. Hauptman PJ, Kelly RA. Digitalis. Circulation. 

1999;99(9):1265-70. 

20. Digitalis Investigation Group. The effect of digoxin on 

mortality and morbidity in patients with heart failure: the 

Digitalis İnvestigation Group. N Eng J Med. 1997;336:525-

33. 

21. Morris SA, Hatcher HF, Reddy DK. Digoxin therapy for 

heart failure: An update. Am Fam Physician. 

2006;74(4):613-8. 

22. Cohn JN, Tristani FE, Khatri IM. Cardiac and peripheral 

vascular effects of digitalis in clinical cardiogenic shock. 

Am Heart J. 1969;78(3):318-30. 

23. Hafner JV, Belknap SM, Squillante MD,Bucheit KA. 

Adverse drug events in emergency department patients. Ann 

Emerg Med. 2002;39(3):258-67. 

24. Juntti-Patinen L, Kuitunen T, Pere P, Neuvonen PJ. 

Drug-related visits to a district hospital emergency room. 

Basic Clin Pharmacol Toxicol. 2006;98(2):212-7. 

25. Smith TW, Antman EM, Friedman PL, Blatt CM, Marsh 

JD. Digitalis glycosides: Mechanisms and manifestations of 

toxicity. Part II. Prog Cardiovasc Dis. 1984;26(6):495-540.  

26. Oishi A, Miyamoto K, Kashii S, Yoshimura N. Photop-

sia as a manifestation of digitalis toxicity. Can J Ophthal-

mol. 2006 ;41(5):603-4. 

27. Connors JE, DiPiro JT, Sisley JF. Use of serum drug 

concentrations in surgical patients. Am J Surg. 

1988;156(1):68-76. 



Küçük U, et al. Digoxin intoxication. 

 56 

28. Rogers JJ, Heard K. Does age matter? Comparing case 

fatality rates for selected poisonings reported to U.S. poison 

centers. Clin Toxicol (Phila). 2007;45(6):705-8. 

29. Antman EM, Wenger TL, Butler VP Jr, Haber E, Smith 

TW. Treatment of 150 cases of life-threatening digitalis 

intoxication with digoxin-specific Fab antibody fragments. 

Final report of a multicenter study. Circulation. 

1990;81(6):1744-52. 

30. DigiFab® US FDA approved product information. 

https://www.fda.gov/media/74693/download (Accessed on 

September 20, 2021). 

31. Gheorghiade M, van Veldhuisen DJ, Colucci WS. Con-

temporary use of digoxin in the management of cardiovascu-

lar disorders. Circulation. 2006;113(21):2556-64. 

32. Pedersen KE, Madsen J, Kjaer K, Klitgaard NA, Hvidt 

S. Effects of physical activity and immobilization on plasma 

digoxin concentration and renal digoxin clearance. Clin 

Pharmacol Ther. 1983;34(3):303-8. 

33. Jogestrand T, Berglund B. Estimation of digital circula-

tion and its correlation to clinical signs of ischaemia-a com-

parative methodological study. Clin Physiol. 1983;3(4):307-

12. 

34. El-Salawy SM, Lowenthal DT, Ippagunta S, Bhinder F. 

Clinical Pharmacology and Physiology Conference: Digoxin 

toxicity in the elderly. Int Urol Nephrol. 2005;37(3):665-8. 

 

 


