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Hee-Jung Song, MD

Department of Neurology and Regional CardioCerebroVascular Center, Chungnam National University Hospital

About 60 years have passed since warfarin, a vitamin K antagonist used as an oral anticoagulants. It is most commonly used to pre-
vent or treat the disease resulted from atrial fibrillation, deep vein thrombosis, etc. The main problems are bleeding complications due
to overdose and/or thrombosis due to under-dose treatment. The precise control of warfarin dosage is very complicated and dependent
on various factors such as patient’s age, weight, adherence, and concomitant medications. In this review, there will be some stories
about various clinical situations during oral anticoagulation using warfarin.
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Figure 1. Structure of warfarin and vitamin K;(phylloguinone).
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Figure 2. Vitamin K1 is reduced to vitamin KH2. The major war-
farin-sensitive enzyme in this reaction is the vitamin K oxide re-
ductase mainly inhibited by the S enantiomer of warfarin.
S-warfarin is metabolized by the p450 cytochrome enzyme,
CYP2C9.*
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Table 1. ACCP Recommendations for Warfarin Management in Patients with Elevated INRs without Significant Bleeding®

INR

Management Options

Above therapeutic range but <5.0

>5.0

>9.0

but <9.0

- Lower or omit dose

- Increase monitoring frequency

- Resume therapy at an appropriate dose when therapeutic INR is achieved
For minimally elevated INRs:

- No dose reduction may be required

- Omit 1 or 2 doses

- Increase monitoring frequency

- Resume therapy at an appropriated dose when therapeutic INR is achieved
For patients at increased bleeding risk:

- Omit dose

- Administer 1 to 2.5 mg of oral vitamin K

For patients in need of urgent surgery:

- Administer 1 to 5 mg of oral vitamin K

- If the INR remains elevated at 24 hrs, a 1- to 2-mg oral vitamin K dose may be administered
- Hold warfarin

- Administer 2.5 to 5 mg of oral vitamin K

- Increase monitoring frequency

- Administer additional vitamin K if necessary

- Resume therapy at an appropriate dose when therapeutic INR is achieved

ACCP: American College of Chest Physicians; INR: international normalized ratio.
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| A1 - | Test Date
A B & D E 15 G H [} J K L M N [0}
Days Since Previous INR | CurrentINR INR Diff Above |INR Diff within | INR Diff Below | Days within Range (3 Days within Range

1 TestDate INR | LestTest | INRDIf [WithinRange? |Within Range?| Scenario |  Range Range Range since LastTest | since Last Test
2 53012006 23 inRange [Low Range
3 60612005 33 7 1 InRange Above Calculate 03 07 0 49 70% |High Range
4 61312006 25 7 08 Avove inRange | Calculate 03 05 0 44 3%
5 612012006 18 7 07 InRange Below Calculate 0 05 02 50 1% Rosendaal Method
6 612712006 21 7 03 Below InRange | Calcuiate 0 0.1 02 23 33% Days Within Range 425.1
7 [Tiar2005 15 7 08 InRange Below Calculate 0 0.1 05 12 17% Total Days 701.0
8 71112008 15 7 0 Below Below Below 0 0 0 0.0 0% % Days within Range 60.6%
9 711812006 18 7 03 Below Below Below 0 0 03 0.0 0%
10 712512006 39 7 21 Below Above Calculate 09 1 0z 33 4% % in Range
11 (8112008 37 7 02 Above Above Avove 02 0 0 0.0 0% Total Number of Tests 100.0
12 [8Br2005 35 7 02 Avove Above Apove 02 0 0 0.0 0% Number of Tests in Range 51.0
13 (81512006 17 7 18 Above Below Calculate 05 1 03 39 56% % of Tests in Range 51.0%
14 (812212006 24 7 07 Below InRange | Calculate 0 04 03 40 57%
15 (812912006 25 7 01 InRange InRange | InRange 0 01 0 70 100%
16 (95512006 32 7 07 inRange Above Calculate 02 05 0 50 71%
17 9n2:2006 3 7 02 Above inRange | Calcuiate 02 0 0 0.0 0%
18 (91912006 23 7 07 InRange inRange | InRange 0 07 0 70 100%
19 |9/2612006 33 7 1 inRange Above Calculate 03 07 0 49 70%
20 1032005 27 7 06 Above inRange | Calcuiate 03 03 0 35 50%
21 101012006 23 7 04 InRange inRange | InRange 0 04 0 70 100%
22 101712006 24 7 01 InRange inRange | InRange 0 01 0 70 100%
23 102412006 22 7 02 InRange inRange | InRange 0 02 0 70 100%
24 10312006 19 7 03 inRange Below Calcuiate 0 02 01 a7 7%
25 1172005 12 7 07 Below Below Below 0 0 07 0.0 0%
26 111412006 18 7 06 Below Below Below 0 0 06 00 0%
27 1212006 39 7 21 Below ‘Above Calculate [ 1 0z 33 28%
28 1112812006 37 7 02 ‘Above ‘Above ‘Above 02 0 0 0.0 0%
29 12512005 35 7 02 ‘Above ‘Above ‘Above 02 0 0 00 0%
30 121212006 17 7 18 ‘Above Below Calculate [5 1 03 39 56%
31 121912006 24 7 07 Below inRange | Calculate 0 04 03 20 57%
27 122612006 25 7 01 In Ranne InRanne In Ranne 0 n1 0 70 100%

Figure 3. Rosendaal method for patient TTR calculations (http:/Awww.inrpro.com).
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Figure 4. Documented severity ratings of interactions between
distinct anticoagulant/antiplatelet agents and single Chinese
herbal medicines.

The total interactions between distinct anticoagulant/antiplatelet
agents and single CHMs were 306. The classification of “No
interaction” meant that there is no interaction between the
medication and the single CHMs, while “No item” meant that
there was no available information about the single CHMs in the
database. NMCD: Natural Medicines Comprehensive Database.™

Clinical Issues with Warfarin Use
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Table 2. Suggested patient risk stratification for perioperative arterial or venous thromboembolism

Risk Stratum

Indication for VKA Therapy

Mechanical Heart Valve

Atrial Fibrillation

Venous thromboembolism (VTE)

High Any mitral valve prosthesis

CHADS2 score of 5 or 6

Recent (within 3 mo) VTE

Older (caged-ball or tilting disc) aortic Recent (within 3 mo) stroke or TIA Severe thrombophilia (eg, deficiency of protein C,

valve prosthesis
Recent (within 6 mo) stroke or TIA

Rheumatic valvular heart disease

protein S or antithrombin, antiphospholipid Ab, or
multiple abnormalities)

Moderate Bileaflet aortic valve prosthesis and ~ CHADS2 score of 3 or 4 VTE within the past 3 to 12 mo
one of the following: atrial fibrillation, Nonsevere thrombophilic conditions (eg,
prior stroke or TIA, hypertension, heterozygous factor V Leiden mutation,
diabetes, congestive heart failure, age heterozygous factor Il mutation)
> 75 yr Recurrent VTE
Active cancer (treated within 6 mo or palliative)
Low Bileaflet aortic valve prosthesis without CHADS2 score of 0 to 2 (and no Single VTE occurred > 12 mo ago and no other

atrial fibrillation and no other risk
factors for stroke

prior stroke or TIA)

risk factors

Afib: atrial fibrillation.

CHADS; score: Congestive Heart Failure, Hypertension, Age, Diabetes, Stroke (doubled).

TIA: transient ischemic attack.
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Table 3. Warfarin-drug interactions by drug groups*®

Anti-infectives

Cardiovascular drugs

Analgesics,
anti-inflammatories, and
immunologics

CNS drugs Gl drugs

Other drugs

Potentiation (increase IN

R)

Amoxicillin/clavulanate

Acetylsalicylic

Acetaminophen

Alcohol (if concomitant Cimetidine

Acarbose

Amoxicillin acid Acetylsalicylic acid liver disease) Omeprazole Anabolic steroids
Amoxicillin/tranexamic ~ Amiodarone Allopurinol Citalopram Orlistat CMF (cyclophosphamide/
rinse Atorvastatin Celecoxib Choral hydrate methotrexate/fluorouracil)
Azithromycin Bezafibrate Dextropropoxyphene Disulfiram Danazol
Cefamandole Clofibrate Indomethacin Duloxetine Doxifluridine
Cefazolin Diltiazem Interferon Entacapone Etoposide/carboplatin
Chloramphenicol Disopyramide Leflunomide Felbamate Fluorouracil
Ciproflaxacin Ezetimibe Methylprednisolone Fluoxetine Gemcitabine
Clarithromycin Fenofibrate Nabumetone Fluvoxamine [fosphamide
Cotrimoxazole Fluvastatin Phenybutazone Marijuana Levamisole/Flurouracil
Doxycycline Gemfibrozil Piroxicam Methylphenidate Levonorgestrel
Efavirenz Glucagon Sulindac Propoxyphene Oxolamine

Etravirine Lovastatin Tolmetin Phenytoin (biphasic Paclitaxel
Erythromycin Metolazone Topical salicylates with later inhibitor) Tamoxifen
Fluconazole Propafenone Tramadol Quetiapine Tolterodine
Gatifloxacin Propranolol Ropinirole Trastuzumab
Isoniazid Quinidine Zafirlukast
Itraconazole Rosuvastatin Zileuton

Levofloxacin Simvastatin

Metronidazole

Miconazole topical gel

Miconazole vaginal

suppositories

Moxifloxacin

Nalidixic acid

Nevirapine

Norfloxacin

Ofloxacin

Ritonavir

Saquinavir

Sulfisoxazole

Terbinafine

Tetracycline

Voriconazole

Inhibition (decrease INR)

Cloxacillin Bosentan Azathioprine Barbiturates Sucrafate Chelation therapy
Dicloxacillin Cholestyramine Mesalamine Carbamazepine Cyclosporine
Fosamprenavir Telmisartan Sulfasalazine Chlordiazepoxide Etretinate
Griseofulvin Propofol Influenza vaccine
Lopinavir/ritonavir Menthol (cough)
Nafcillin Mercaptopurine
Nafcillin/dicloxacillin Methimazole
Nevirapine Multivitamin supplement
Ribavirin Raloxifene hydrochloride
Rifampin

Ritonavir

Teicoplanin

Terbinafine (systemic)

298

20154 CHBHAIZD

=

tefe| Mi34x} staths] - 2= -



E dhdsl= A Folt}, PTE EF3HER] 49k7] uf&ol o]
= g3} wo s Weksle] INRE KHudd)”

ISI

INR = (patient PT/mean normal PT)

(ISI: International Sensitivity Index of the thromboplastin
used at the local laboratory to perform the PT measurement)
el A8ollA INRE 2.0-3.002 FASHARE <1
A gt Beols 253,52 FAskE 2o A
.
shutle] Ak ke Aozl vh= glov 10 mg AREA
5 mg AR AJETHINR 2590l o e mdehs AeR
gl Qlar sUA Azelel £3hd 2ol EITE” INR
EUBEE A & Fol 5 Y ool AlRtetar gl
we} 2ok dirt" elubel Foig Aol glola] #4
o] o], AlF, 7] 2L FAlel AR F<l oFE Bl Fekd
ol thsto] aefstolol sfal 7] 8=kl drgle] A
7~10947F B INRO] QPgshd wi7hA] 1500 2-33] INRE
AAfelefof g} ojshel Folol i daelE @ AT
ZRIRe ASHIE T She] A, ok WA mi
2x1e] st ol shtel a7 MaAlY 5 Qlou of
2% BE J3ol thstel Tk ash muEle] o A
F Le¥ 7 Yok BAe] oFRol i $55E e e

o o>

Clinical Issues with Warfarin Use

wjojo} g}, Aek INRo] X8 ¢]ol =8l 45 7HH0
2 A5 84| ol Ea 125 3h o Fzste] 24T

dubd o2 INRo| A9 Hioll Slom 5-20% 9]
| 2Pt AsHSolA ZaEH Blolt A
o] FEE Aeoll= FAA oA A5 Qte =
g 7FsAdo] o E HAALE ¢ AFshs AoE A
T Qi

American College of Chest Physicians (ACCP)ollA+= A
el 28-S FukelA| &S INR A5 34}l thste] Table
17} o] Axslar rt

INR©] 4.5~102] ]l fF== SkAtellA] vitamin 1,25
mg¥} fJofe] tjzdTelr] £ 9 AT Fofdh
Apolis Holx| it gak A8 8FRr) e INRS B
oltigte AWM Ze] o] Yorg &84 FeiAE
Ao} BastA erka gelA gl

oot £ f

T

Time in Therapeutic Range (TTR) Value

Table 4. Dietary supplements that may decrease the absorption of warfarin®

+ Agar « Castor

- Algin « Coffee Charcoal

* Aloe « European Buckthorn
* Barley * Iceland Moss

* Blond psyllium * Glucomannan

* Butternut * Jalap

+ Carrageenan » Karaya Gum

» Cascara « Larch Arabinogalactan

Marshmallow

» Mexican Scammony Root
* Quince

* Rhubarb

* Rice Bran

* Slippery Elm

* Tragacanth

Table 5. Dietary supplements containing warfarin derivatives™

Alfalfa Chamomile

Angelica root Danshen (salvia miltiorrhiza)
Aniseed Dandelion

Arnica Dong quai (Danggui, Angelica
Artemesia sinensis)

Asa foetica Fenugreek

(asafetida) Horse chestnut

Bishop's weed Horseradish

Bogbean Licorice root

Buchu Lovage root

Capsicum Meadowsweet

Cassia Melilot

Celery Nettle

Parsley
Passion
flower
Prickly ash
Quassia

Red clover
Rue

Sweet clover
Sweet
woodruff
Tonka beans
Wild carrot
Wild lettuce
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Table 6. Warfarin-dietary supplement interactions involving cytochrome 450 metabolism*®

Dietary supplements Mechanism

Enzyme inducer

Enzyme inhibitor

Bergamottin 209

Bishop's weed (Bergapten) 3A4

Bitter orange 3A4

Cat's claw 3A4

Chrysin 1A2

Cranberry 209

Devil's claw 209
Dehydroepiandrosterone 3A4

Diindolymethane 1A2

Echinacea 3A4

Eucalyptus 1A2, 2€9, 2C19, 3A4
Feverfew 1A2, 2C9, 2C19, 3A4
Fo-Ti Fo-Ti 1A2, 2C9, 2C19, 3A4
Garlic Garlic 2C9, 2C19, 3A4
Ginseng 1A2, 2C9, 2C19, 3A4

Goldenseal 3A4

Guggul 3A4

Grape 1A2

Grapefruit juice 1A2, 3A4
Indole-3-carbinol 1A2

Ipriflavone 1A2, 2C9

Kava 1A2, 2C9, 2C19, 3A4
Licorice 3A4

Lime 3A4

Limonene 209

Lycium (Chinese wolfberry) 209

Milk thistle 209, 3A4

Peppermint 1A2, 2C9, 2C19, 3A4
Red clover 1A2, 2C9, 2C19, 3A4
Resveratrol 1A2, 3A4

St. John's Wort 1A2, 209, 3A4

Sulforaphane 1A2

Valerian 3A4

Wild cherry 3A4
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