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OVERVIEW

Introduction

Warfarin is a commonly used oral anticoagulant with anti-vitamin K activity. Warfarin therapy is associated with
rare instances of idiosyncratic, clinically apparent liver injury that are usually mild and rapidly reversible on

stopping.

Background

Warfarin (war' far in) was discovered after identification of the hemorrhagic activity that caused toxicity and
bleeding in cattle after eating spoiled, sweet clover silage. Once the active component was shown to be bis-
hydroxycoumarin, synthetic derivatives were developed and found to be effective rodenticides. Only thereafter
were coumarin derivatives shown to be useful as anticoagulants in humans, and only with careful monitoring.
Importantly, coumarin itself does not have anticoagulant activity but is used as an antineoplastic agent, and has
different effects and side effects than its derivatives. Coumarin derivatives include warfarin, dicumarol,
phenprocoumon and acenocoumarol. These compounds act by blocking the enzymatic reduction of vitamin K
to its active form, which is responsible for the final steps of synthesis of several clotting factors (Factors II, VII,
IX and X). The coumarin derivatives cause a prolongation of the prothrombin time which is beneficial in
preventing progression or recurrence of deep vein thrombosis and pulmonary embolism. Oral anticoagulation is
also used to prevent arterial or venous embolization after acute myocardial infarction, atrial fibrillation and
prosthetic heart value placement. Warfarin was approved for use in the United States in 1961 and remains in
wide use with more than 30 million prescriptions filled yearly. The typical dose is 5 mg daily for 2 to 4 days
followed by 2 to 10 mg daily, based upon measurements of prothrombin time aiming at an international
normalized ratio (INR) value of 2 to 3. Monitoring of the INR is essential during warfarin therapy, because
bleeding is a common side effect and can be life-threatening and fatal. Side effects not directly attributable to the
anticoagulant activity of warfarin are not common, but can include nausea, abdominal discomfort, diarrhea,
anorexia, fever, alopecia, skin necrosis and bluish discoloration. Finally, warfarin is very sensitive to drug-drug
interactions involving its metabolism or function and great care must be given to starting or stopping concurrent
medications in patients on warfarin therapy. Severe bleeding episodes can be caused by administration of
another medication that prolongs its half-life or activity.

Hepatotoxicity

Liver injury due to warfarin therapy is rare, but clinically apparent acute liver injury attributable to it has been
reported. Liver injury is more common with other coumarin derivatives such as phenprocoumon and
acenocoumarol, which are available in other countries but not in the United States. The typical case of acute liver
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injury arises within 3 to 8 weeks of starting warfarin, although rare instances of liver injury arising after months
or years of therapy have been reported (and these long latencies are common with phenprocoumon
hepatotoxicity). The pattern of liver enzyme elevations is typically cholestatic, but hepatocellular and mixed
patterns have also been reported. Eosinophilia can occur, but other immunoallergic manifestations are not
common nor are autoantibodies. Recovery can be prolonged, particularly with cholestatic injury. Recurrence
upon reexposure has been described and can be more severe and result in death.

Overdose with warfarin can result in excessive bleeding and hepatic failure. In addition, chronic warfarin
therapy has been associated with spontaneous bleeding including hepatic rupture and life-threatening
intraperitoneal bleeding, even without trauma and with INR in the appropriate range.

Coumarin (as opposed to coumarin derivatives) is a benzopyrone, which is found in many plants and has a
sweet, vanilla-like flavor. Coumarin itself does not have anticoagulant activity, which is only found in its
derivatives. Coumarin inhibits macrophage function and has been used as an antineoplastic agent and to treat
protein rich lymphedema, such as occurs in the arm after breast cancer therapy. Coumarin has been implicated
in several cases of idiosyncratic, clinically apparent liver injury which is estimated to occur in 2 per 1000 patient
years of use. Coumarin is not commercially available in the United States.

Mechanism of Injury

The cause of liver injury during oral anticoagulant therapy is unknown but is clearly idiosyncratic with many
instances of more rapid recurrence of more severe injury with reexposure, suggesting an immunologic basis.

Outcome and Management

Most cases of liver injury due to warfarin are mild-to-moderate in severity and are self-limited, resolving once
therapy is stopped. Recurrence of liver injury usually occurs with rechallenge, which should be avoided. There
appears to be cross sensitivity to hepatic injury between warfarin and phenprocoumon, but not with
acenocoumarol for uncertain reasons. However, these other coumarin derivatives are not available in the United
States.

Drug Class: Antithrombotic Agents, Anticoagulants

Other Drugs in the Subclass, Anticoagulants: Dabigatran, Desirudin, Apixaban, Fondaparinux, Rivaroxaban,
Heparins

PRODUCT INFORMATION

REPRESENTATIVE TRADE NAMES

Warfarin - Coumadin®

DRUG CLASS

Antithrombotic Agents

COMPLETE LABELING

Product labeling at DailyMed, National Library of Medicine, NIH
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CHEMICAL FORMULA AND STRUCTURE

DRUG  CAS REGISTRY NUMBER MOLECULAR FORMULA STRUCTURE
Warfarin 9005-49-6 Unspecified No Structure
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Med 1986; 146: 1837-9. PubMed PMID: 3753126.

(70 year old man developed jaundice 10 days after starting warfarin [bilirubin 11.4 rising to 47 mg/dL, AST 69
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resolved within 3 months of switching to heparin; the initial episode had been mistakenly attributed to non-A,
non-B hepatitis).

Erichsen C, Sendenaa K, Soreide JA, Andersen E, Tysvoer A, Sndenaa K, Sreide JA. Spontaneous liver
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Wochenschr 1995; 120: 1529-30. German. PubMed PMID: 7588026.
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1995; 120: 1507-10. German. PubMed PMID: 7588020.

(78 year old woman developed jaundice 10 weeks after starting phenprocoumon that ultimately resolved, but
recurred 6 weeks after restarting [bilirubin 11.5 rising to 25.6 mg/dL, ALT 714 U/L, Alk P 424 U/L], resolving
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(32 year old man developed jaundice 6 months after starting phenprocoumon [bilirubin 7.8 rising to 40.5, ALT 71
times ULN, Alk P 1.3 times ULN], resolving with stopping, but recurring within 5 weeks of restarting and
resolving upon switching to low molecular weight heparin).
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PMID: 9294482.

(Among 138 patients enrolled in a controlled trial of coumarin [5,6-benzo-a-pyrone, not an anticoagulant] for
breast cancer, 6 developed hepatotoxicity [9% on active drug], 5 with asymptomatic AST elevations and one
with clinically apparent liver injury and jaundice [bilirubin 19.5 mg/dL, AST 2315 U/L, Alk P 214 U/L], 2
months after starting and resolving within 3 months of stopping).

Ghosh P, Markin RS, Sorrell ME. Coumarin-induced hepatic necrosis. Am ] Gastroenterol 1997; 92: 348-9.
PubMed PMID: 9040223.

(66 year old man developed jaundice 3 months after starting experimental therapy with coumarin for prostate
cancer [bilirubin 4.6 mg/dL, ALT 1094 U/L], but it was continued until 15 weeks when he was deeply jaundiced
[bilirubin 13.9 mg/dL, ALT 936 UL, Alk P 292 U/L], resolving within 9 weeks of stopping).

Koch S, Beurton I, Bresson-Hadni S, Monnot B, Hrusovsky S, Becker MC, Vanlemmens C, et al. [Acute cytolytic
hepatitis caused by coumarin. 2 cases]. Gastroenterol Clin Biol 1997; 21: 223-5. French. PubMed PMID:
9161499.

(Two women, ages 40 and 45 years, developed jaundice and pruritus 5 months after starting coumarin for
lymphedema [bilirubin 5.8 and 25.1 mg/dL, ALT 30 and 100 times ULN, Alk P normal], resolving within 2
months of stopping; one was restarted on coumarin and redeveloped jaundice within 3 weeks).

Kremer Hovinga JA, Wuillemin WA. [Recurrent hepatitis in oral anticoagulation: coumarin-induced hepatitis].
Ther Umsch 1999; 56: 513-5. German. PubMed PMID: 10517122.

(Same case as described in English by Wuillemin with other authors [1997]).

Ehrenforth S, Schenk JF, Scharrer I. Liver damage induced by coumarin anticoagulants. Semin Thromb Hemost
1999; 25: 79-83. PubMed PMID: 10327225.

(Two cases: first is same as described by Hohler [1994] with further follow up: patient could not tolerate low
molecular weight heparins and was treated with acenocoumarol without recurrence; second case was 46 year old
woman who had mildly raised enzymes 7 months after starting phenprocoumon [ALT 86 U/L, Alk P 171 U/L],
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Capoferri M, Realini S, Balestra B. [Acute necrotizing hepatitis: an unusual side effect of oral anticoagulants].
Praxis(Bern 1994) 2000; 89: 929-32. German. PubMed PMID: 10859983.

(76 year old woman was treated with acenocoumarol and then phenprocoumon, developing jaundice 8 months later
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mg/dL, ALT 801 U/L, Alk P 376 U/L], resolving upon stopping and not recurring when later treated with
warfarin).

Hinrichsen H, Liittges ], Kloppel G, Folsch UR, Schmidt WE. Idiosyncratic drug allergic phenprocoumon-
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(46 year old woman developed jaundice 5 months after starting phenprocoumon [bilirubin 26.2 mg/dL, ALT 644
U/L, GGT 135 U/L, ANA 1:640], resolving over 4 months with prednisone therapy and recurrence of enzyme
elevations 1 month after restarting [ALT 127 U/L] while still on prednisone).

Schneider AR, Hartmann D, Arnold JC, Bohrer MH, Riemann JF. [Phenprocoumon-induced necrotizing
hepatitis]. Dtsch Med Wochenschr 2001; 26: 457-9. German. PubMed PMID: 11360450.

(52 year old woman developed abdominal pain 7 months after starting phenprocoumon [bilirubin 1.7 mg/dL, ALT
657 U/L, GGT 117 U/L], which resolved upon stopping but recurred within 3 weeks of restarting [bilirubin 7.6
mg/dL, ALT 1170 U/L, GGT 152], resolving with prednisone therapy over next 4 months).

Weber T, Hinterreiter M, Knoflach P. [Phenprocoumon-associated necrotizing hepatitis]. Dtsch Med
Wochenschr 2001; 126: 1060. German. PubMed PMID: 11565062.

(Patient developed jaundice 2 months after starting phenprocoumon and then related having similar episode 10
years before, 7 months after starting phenprocoumon; few details given).

Bamanikar A, Hiremath S. Hepatotoxic reaction to warfarin in a recovering hepatitis patient with
hypoalbuminenia. ] Assoc Physicians India 2002; 50: 1456. PubMed PMID: 12583490.

(65 year old man developed jaundice 2 years after starting warfarin [bilirubin 11.8 mg/dL, ALT 4765 U/L, Alk P
102 U/L], resolving slowly but with worsening of jaundice when warfarin was given).

Cordes A, Vogt W, Dahm HH, Maier KP. [Phenprocoumon-induced liver failure]. Dtsch Med Wochenschr 2003;
128: 1884-6. German. PubMed PMID: 12970822.

(61 year old woman developed jaundice 2 years after starting phenprocoumon [bilirubin 18.5 mg/dL, ALT 263 U/L,
Alk P normal], with slow recovery 2-3 months after stopping).

Schimanski CC, Burg J, Mohler M, Hohler T, Kanzler S, Otto G, Galle PR, et al. Phenprocoumon-induced liver
disease ranges from mild acute hepatitis to(sub-) acute liver failure. ] Hepatol 2004; 41: 67-74. PubMed
PMID: 15246210.
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(32 year old man developed rupture of liver and spleen 2 weeks after starting warfarin [INR 1.65, hematocrit 23%],
leading to splenectomy and segmental hepatic resection).
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were attributed to drug induced liver injury, but none were attributed to warfarin).
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subgaleal hemorrhage in antiphospholipid syndrome following anticoagulation therapy. World ]
Gastroenterol 2013; 19: 6494-9. PubMed PMID: 24151371.

(18 year old woman with antiphospholipid syndrome developed spontaneous intrahepatic hemorrhage after 6 years
of warfarin therapy [INR 1.8, bilirubin and ALT not given, Alk P 214 U/L], recurring on restarting warfarin,
but not when switched to clopidogrel and hydroxychloroquine).
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