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Background: Warfarin is a highly efficacious oral an-
ticoagulant, but its use is limited by a well-founded fear
of bleeding. Drug and food interactions are frequently
cited as causes of adverse events with warfarin. We pro-
vide an updated systematic overview of the quality, clini-
cal effect, and importance of these reported interac-
tions.

Data Sources: MEDLINE, TOXLINE, IPA, and EMBASE
databases from October 1993 to March 2004. Database
searches combined the keyword warfarin with drug in-
teractions, herbal medicines, Chinese herbal drugs, and food-
drug interactions.

Study Selection: Eligible articles contained original re-
ports of warfarin drug or food interactions in human sub-
jects. Non-English articles were included if sufficient in-
formation could be abstracted.

Data Extraction: Reports were rated independently
by 2 investigators for interaction direction, clinical se-
verity, and quality of evidence. Quality of evidence was
based on previously validated causation criteria and
study design.

Data Synthesis: Of 642 citations retrieved, 181 eli-
gible articles contained original reports on 120 drugs or
foods. Inter-rater agreement was excellent, with weighted
Kk values of 0.84 to 1.00. Of all reports, 72% described a
potentiation of warfarin’s effect and 84% were of poor
quality, 86% of which were single case reports. The 31
incidents of clinically significant bleeding were all single
case reports. Newly reported interactions included cele-
coxib, rofecoxib, and herbal substances, such as green
tea and danshen.

Conclusions: The number of drugs reported to interact
with warfarin continues to expand. While most reports
are of poor quality and present potentially misleading con-
clusions, the consistency of reports of interactions with
azole antibiotics, macrolides, quinolones, nonsteroidal
anti-inflammatory drugs, including selective cyclooxy-
genase-2 inhibitors, selective serotonin reuptake inhibi-
tors, omeprazole, lipid-lowering agents, amiodarone, and
fluorouracil, suggests that coadministration with warfa-
rin should be avoided or closely monitored. More sys-
tematic study of warfarin drug interactions in patients
is urgently needed.
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ARFARIN 1S THE MOST
commonly used
oral anticoagulant
in North America
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and X.° Both effectiveness and safety (pri-
marily risk of bleeding) are related to blood
international normalized ratio (INR) val-
ues. Monitoring of INR and dose ad-
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and has established
efficacy for the prevention of thrombo-
embolic events in patients with chronic
atrial fibrillation, prosthetic heart valves,

See also page 1185

venous thromboembolism, and coronary
artery disease.' The drug is a racemic mix-
ture of 2 optically active isomers, though
the S-enantiomer is approximately 5 times
more potent than the R-enantiomer. War-
farin exerts its effect by lowering the
amount of active vitamin K available for
the activation of clotting factors I1, VII, IX,

justments of warfarin are frequently re-
quired, influenced by changes in
concomitant medications, diet, alcohol
consumption, acute illness, liver disease,
and unknown factors.’

CME course available at
www. archinternmed.com

Despite the frequency and importance
of warfarin’s drug and food interactions,
the first systematic overview on the topic
did not appear until 1994.° For that re-
view, we developed an interaction assess-
ment tool that combined a “levels of evi-
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Table 1. Quality of Study Design

Quality Study Design
Excellent RCTs with >100 subjects
Good RCTs with 20-100 subjects
Fair RCTs with <20 subjects
Poor

Group 1 Observational studies
(cohort, case-control)

Group 2 Case series, case reports,
pharmacokinetic studies

Abbreviation: RCTs, randomized controlled
trials.

dence” approach with causation
criteria, subject outcome, and pro-
posed mechanisms. Although many
drugs, including antibiotics, drugs
affecting the central nervous sys-
tem, and cardiac medications, had
been reported to interact with war-
farin, the quality of reports was so
poor that few clinical recommenda-
tions could be made other than care-
ful monitoring around initiating and
discontinuing treatment with other
medications. In the decade since that
review, awareness and investiga-
tion of drug interactions and qual-
ity of evidence have grown, leading
to the hypothesis that the number
and quality of drug and food inter-
actions would increase as well. We
therefore performed a systematic
overview of the literature, updat-
ing the evidence on warfarin drug
and food interactions.

- EECTTEE

Relevant literature was identified by
searching MEDLINE, TOXLINE, IPA,
EMBASE databases, Health Canada and
Food and Drug Administration Web sites
and personal files from October 1993 to
the end of March 2004. The MeSH head-
ings and keywords used for the search
were warfarin and drug interactions. Non-
English articles were included if they
included an English abstract with suf-
ficient information. To retrieve warfarin-
herbal drug interactions and warfarin-
food interactions, 2 additional searches
were conducted using the MeSH head-
ings and keywords warfarin and herbal
medicines or Chinese herbal drugs, and
MeSH headings food-drug interactions
and warfarin, limited to English only.
The bibliographies of the retrieved ar-
ticles were checked for any additional
pertinent studies. Articles were consid-
ered eligible for evaluation if they con-
tained original data involving drug or

food interactions with warfarin in hu-
man subjects. Interacting drugs had to
be available in the United States or
Canada. Eligible studies were evalu-
ated independently by 2 authors accord-
ing to the following 4 main categories.

SUBJECT

Subjects were classified as patients or
healthy volunteers. Patients were then
further stratified into 2 categories: vol-
unteers and nonvolunteers. The former
group were defined as patients requir-
ing warfarin therapy who were prospec-
tively entered into a study, whereas the
latter group was exposed to the inter-
acting drug during the course of usual
warfarin therapy. Healthy volunteers
were healthy individuals not requiring
warfarin therapy.

INTERACTION
CLASSIFICATION
AND SEVERITY

The drug affected and the type of inter-
action (potentiation, inhibition, or no
effect) were noted. Interactions that po-
tentiated or inhibited the effect of war-
farin were further rated as major, mod-
erate, minor, or nonclinical.

Major potentiation was defined by
death, major bleeding, or necessity to
stop warfarin therapy entirely. Major
bleeding episodes included those that
were life-threatening as well as those that
led to the loss of at least 2 units of blood
in 7 days or less.” Moderate potentia-
tion meant that (1) there was an INR
change requiring an adjustment in war-
farin dosage or (2) the INR increased to
greater than 5.0 or (3) there was an in-
crease in INR by greater than 1.5. Mi-
nor potentiation interactions were de-
fined as an INR increase in which (1) no
change in warfarin dosage was re-
quired and (2) the ratio remained less
than 5 and (3) the increase was less than
1.5. Potentiation interactions were clas-
sified as nonclinical if the only evi-
dence of warfarin augmentation was a
statistically significant increase in war-
farin levels without change in INR or
clinical status.

Major inhibition interactions were
defined by the occurrence of thrombo-
sis. Moderate inhibition (clinically rel-
evant but less than major) indicated (1)
a change in INR requiring an adjust-
ment in warfarin dosage or (2) an INR
decrease to less than 1.5 or (3) a de-
crease in INR by greater than 1.5 units.
Minor inhibition interactions were de-
fined by (1) an INR decrease requiring
no change in warfarin dosage and (2) an
INR decrease to a ratio that remained

more than 1.5 and (3) a decrease in INR
by less than 1.5. Inhibition interactions
were classified as nonclinical if the only
evidence of warfarin inhibition was a sta-
tistically significant decrease in warfa-
rin levels.

An interaction was defined as hav-
ing no effect if the interacting drug nei-
ther potentiated nor inhibited warfa-
rin’s effect in any way described herein.

QUALITY OF STUDY

Reports were classified into 1 of 4 cat-
egories based on the quality of study de-
sign. As shown in Table 1, random-
ized controlled trials (RCTs) were
subdivided into fair to excellent qual-
ity, with those involving more than 100
subjects arbitrarily given the highest rat-
ing. Poor quality reports included non-
randomized study designs, observa-
tional studies, pharmacokinetic studies,
and case reports.

CAUSATION CRITERIA

For each report, the probability of the
proposed interaction was rated from level
I (highly probable) to level IV (highly
improbable). Definitive evidence of an
interaction required a level I causation
rating from both healthy volunteer and
patient-based reports in which both de-
scribed identical interaction direction
and severity. Level designation was based
on how the article fulfilled 7 standard
causation criteria.

Level of Causation Criteria
Causation Required
| (Highly probable) A,B,C,and=10fDto G
Il (Probable) A /B,and =10fCto G
11l (Possible) Aand =10fBtoG
IV (Highly Aalone or any
improbable) combination of Bto G

A. Is the timing correct for an interac-
tion to be pharmacologically plau-
sible?

In patient-based studies, warfarin must
have been taken at a stabilized dose com-
mon to usual practice and prior to ini-
tiation of the interacting drug or food.
For volunteer-based studies, subjects had
to have received warfarin, both alone as
well as with the interacting drug. In ad-
dition, we required that the potentially
interacting drug had to be consumed (1)
long enough to attain a significant
plasma level and (2) in doses common
to usual practice.

B. Do laboratory tests (eg, interna-
tional normalized ratio/prothrombin
time/thrombotest) support the conten-
tion of an interaction?

In patient-based articles, the post-
coadministration coagulation variable
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had to be out of therapeutic range,
whereas for volunteer studies, a 20%
change in coagulation parameters for
volunteer studies was required. For ar-
ticles concluding “no interaction,” the
absence of a statistically significant
change in coagulation variables was re-
quired.

C. Are other potential factors affect-
ing warfarin pharmacokinetics/pharma-
codynamics ruled out satisfactorily?
Factors such as diet, other medica-
tions, as well as certain medical condi-
tions (hepatic dysfunction and hyper-
thyroidism) had to have been declared
to be ruled out as possible causes of the
outcome.

D. Has the patient had a similar result
with previous exposure to the same
drug?

The patient had to have been taking the
interacting drug in addition to warfa-
rin at a time prior to that reported with
a similar outcome.

E. Was a dose-response relationship
demonstrated for the interacting drug?
The alterations in the dose of the impli-
cated interacting drug or food being ad-
ministered with warfarin correlated with
subsequent changes in coagulation vari-
ables, inferring a dose-response rela-
tionship.

F. Was the subject rechallenged and, if
so, did a similar response occur?

The interacting drug had to have been
administered simultaneously with war-
farin in 2 or more separate courses (the
second course conducted to confirm the
results of the first), with similar results
each time.

G. Are the authors’ conclusions sup-
ported by other objective evidence?
Other objective evidence such as plasma
levels of warfarin or coagulation fac-
tors supported the authors’ conclusions.

RELIABILITY AND VALIDITY

The criteria and rating scheme were
evaluated and approved a priori by a
panel of experts in the fields of throm-
boembolism, clinical pharmacology, and
clinical epidemiology to assure face va-
lidity. Interrater agreement for interac-
tion direction and severity, quality of
study, and level of causation was as-
sessed using a weighted k statistic.®

CONFLICTING EVIDENCE

If ratings differed among articles for the
same interacting drug or food, a hierar-
chy was implemented (type of
subject> quality of study>level of
causation > severity of clinical out-
come). For example, a case report in-
volving a patient was considered to be su-

perior to an RCT using healthy volunteers
as subjects. If 2 or more articles had the
same subject type, the result of the high-
est quality study was listed—a patient-
based RCT was considered superior to a
patient case report. If 2 or more articles
with the same subject type and quality of
study varied in level of causation and
clinical outcome, the clinical outcome as-
sociated with the highest level of evi-
dence was listed. For example, the case
report describing moderate potentia-
tion of warfarin by celecoxib, with a level
11 causation rating’ outweighed the level
111 case report describing a similar inter-
action.'” For 2 level 111 causation patient
case reports describing amoxicillin’s effect
on warfarin, the report describing ma-
jor potentiation'' outweighed the one de-
scribing moderate potentiation.'!

T

A total of 642 citations were iden-
tified, of which 205 contained origi-
nal data on drug or food interac-
tions with warfarin. Of these 205
articles, 181 were retrievable and
available for review. The reviewed
articles contained 187 separate re-
ports of interactions involving 120
drugs or foods. The weighted k sta-
tistic for the interaction direction and
severity rating, level of causation
evaluation, and quality of study rat-
ing among the reviewers were 0.98,
0.84, and 1.0 respectively. All rat-
ing disagreements were resolved by
repeated review and consensus.
No study met our definition of ex-
cellent quality. Thirty-three small
RCTs were rated fair or good qual-
ity, of which 28 involved healthy
subjects and 26 concluded a lack of
interaction between warfarin and the
drug or food studied. Olestra,'? vi-
tamin E,” clopidogrel,'* coenzyme
Q10/ginkgo biloba 10," and cipro-
floxacin'® were the only drugs for
which patient-based RCTs were con-
ducted, with a “no effect” conclu-
sion for olestra, vitamin E, clopido-
grel, and coenzyme Q10/gingko
biloba and nonclinical potentiation
for ciprofloxacin. Of the reviewed
studies, 148 (82%) were rated poor
quality and 130 (88%) of these were
case reports, of which 125 (96%)
were single case reports.
Forty-one new reports were
rated as level I causation (highly
probable) for an interaction, with
14 reporting potentiation (acetami-

nophen,'” boldo-fenugreek,'® cipro-
floxacin,'® citalopram,' diltiazem,*
entacapone,”' fenofibrate,*? fish
0il,” mango,** miconazole vaginal
suppositories,” quilinggao,” sertra-
line,?” voriconazole,?*® and zileu-
ton??), 5 reporting inhibition
(etodolac,*® mercaptopurine,’! me-
salamine,*? ribavirin,** and traz-
odone’"), and 22 reporting “no
effect” (anastrozole,* argatroban,*
cilostazol,” clopidogrel,* donepe-
zil hydrochloride,*® eprosartan,” en-
tacapone,® gemifloxacin,* leveti-
racetam,* losartan,* meloxicam,*
metrifonate,* miglitol,* modafi-
nil,* moexipril,* montelukast,*
nateglinide,” nefazodone,’® oles-
tra,’? pantoprazole,’ sevelamer hy-
drochloride,” and vitamin E").

For 38 drugs or foods, level 11
causation (probable) criteria were
met, and for the remaining 41 drugs
or foods, the evidence was even less
conclusive. Only 57 (31%) of the
studies ruled out potential con-
founders, and fewer than 20% of the
articles provided rechallenge data,
demonstration of a dose response re-
lationship, or a description of a pre-
vious exposure in which the pa-
tient experienced a similar effect.

Of all 184 reviewed reports, 128
(70%) described a potentiation of
warfarin’s effect, while inhibition and
“no effect” reports each comprised
28 (15%). There were 34 reports of
a major interaction—3 case reports
of thrombosis associated with traz-
odone, sulfasalazine, and propofol
and 31 case reports describing a ma-
jor potentiation. These included 8
deaths, 4 of which were due to in-
tracranial bleeding associated with
celecoxib, ciprofloxacin, and fluox-
etine/diazepam coadministra-
tion.”**° Only 2 of all 34 reports were
level I, describing inhibition involv-
ing mesalamine and trazodone.??>*
Several herbal drugs, foods rich in
vitamin K, and carbamazepine were
reported to decrease warfarin’s effect
as were other anti-infective agents,
including griseofulvin, rifampin, and
penicillinase-resistant penicillins,
such as nafcillin, dicloxacillin, and
cloxacillin.

There were 3 drugs—terbin-
afine, ritonavir, and influenza vac-
cine—for which conflicting evi-
dence of an interaction with warfarin
was presented.””® A cumulative
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summary, combining evaluations
from our original review® with those
of the update is presented in
Table 2. Although few interac-
tions met level I causation require-
ments, the recurrent reports on non-
steroidal anti-inflammatory drugs
(NSAIDs),*° antibiotics (particu-
larly macrolides—azithromycin,'**
erythromycin,'' and clarithromy-
cin'?®), azoles (fluconazole*! and
miconazole?), amoxicillin, and qui-
nolones (ciprofloxacin'® and levo-
floxacin'®) continue. New alerts
regarding the potential for major
bleeding when warfarin is taken with
cyclooxygenase-2 (COX-2) selec-
tive NSAIDs*!1%%322 or herbal drugs
are raised.!*"*’ Table 3 presents a
summary of all clinically signifi-
cant potentiation and inhibition in-
teractions with warfarin, based on
drug family and level of causation.
The most commonly cited
mechanisms for interactions with
warfarin involved stereoselective
clearance due to S-enantiomer (rito-
navir and cotrimoxazole) or non-
stereoselective clearance (simvasta-
tin and terbinafine) or the vitamin
K pathway (green tea). However,
most of the interactions reported
have no documented mechanism.

B conext I

This updated review indicates that
the number of reports of interac-
tions between warfarin and drugs or
foods is increasing, reaftirming both
the anticoagulant's widespread use
and its use with concomitant medi-
cations. Although the true mecha-
nisms of drug interactions almost al-
ways remain unknown, there are
several pharmacokinetic and phar-
macodynamic factors that could in-
fluence warfarin’s effect. Cholesty-
ramine is thought to reduce the
gastrointestinal absorption of war-
farin.?”*** The more potent warfa-
rin S-isomer is metabolized by cy-
tochrome P-450 (CYP) 2C9. Many
of the drugs identified as potentiat-
ing warfarin’s effect are known in-
hibitors of CYP 2C9, including amio-
darone, fluconazole, fluvastatin,
fluvoxamine, isoniazid, lovastatin,
phenylbutazone, and sertraline.”*
Rifampin and secobarbital are both
known inducers of CYP 2(C9.>!2

The R-isomer of warfarin is metabo-
lized by CYP 1A2 and CYP 3A4, and
quinolones'®* inhibit CYP 1A2, and
macrolides'!**2° inhibit CYP 3A4.
The azoles (several reports involv-
ing metronidazole, fluconazole,
trimethoprim-sulfamethoxazole,
miconazole, and voricona-
zole?>287981-83.236) are also consid-
ered to inhibit CYP 1A2 or CYP 3A4.
The pharmacodynamics of warfarin
may be influenced by medications
that affect either vitamin K or the co-
agulation factors.”’ Sudden changes
in dietary sources of vitamin K such
as leafy greens or a supplemented diet
followed by a change in warfarin’s
effect are relatively easy to under-
stand.!%%23%2% However, for several
drugs, including cephalosporins, le-
vothyroxine, and clofibrate, their sup-
posed pharmacodynamic interac-
tions with warfarin are very poorly
understood.”®21*2#

Although understanding a drug’s
pharmacology helps predict its po-
tential for interaction with warfa-
rin, the translation of these predic-
tions into clinical reality is far from
certain. We also found no evidence
that specific factors might identify
patient subgroups most at risk of
pharmacokinetic drug interac-
tions. Regular monitoring of INR re-
mains the best protection against
major harm due to these pharma-
cokinetic and pharmacodynamic in-
teractions.

The most difficult groups of drugs
to deal with are those that potenti-
ate bleeding on their own. The risk
of bleeding is then greater when
taken with warfarin, and INR moni-
toring is of no help. This is an issue
with other anticoagulants (such as
heparin), antiplatelet drugs (eg, ace-
tylsalicylic acid, clopidogrel, dipyri-
damole, sulfinpyrazone, and ticlo-
pidine) and all NSAIDs including
COX-2 selective NSAIDs. All of these
drugs should be avoided in combi-
nation with warfarin unless proven
to provide benefit that outweighs the
risk of bleeding—for example, for ar-
tificial heart valves.”” Contrary to the
early theories of safety of COX-2 se-
lective NSAIDs, we do not consider
them safe in combination with war-
farin. Both celecoxib (10 cases mod-
erate”*? to major®'?) and rofecoxib
(2 cases moderate®) are reported to
potentiate anticoagulation. Acetami-

nophen, which is the analgesic of
choice for patients using warfarin,
has case reports'”** as well as a case-
control study** suggesting moder-
ate potentiation (perhaps based on
mild factor VII depletion'”**), al-
though findings from an RCT in
healthy volunteers were nega-
tive.***

The paradox noted in our origi-
nal review continues, in that higher-
quality studies describe minor or no
interaction, while clinically impor-
tant potentiation or inhibition in-
teractions all originate from poor-
quality reports. The overall quality
of the interaction literature re-
mains extremely poor, precluding
definitive recommendations regard-
ing the safe coadministration or
avoidance of specific drugs and foods
in users of warfarin. Case reports
may be alarming, but their rarity and
the lack of a control group, a de-
nominator of use, or often even ba-
sic descriptive details makes it im-
possible to gauge their true accuracy
or rate of harm. Small RCTs of new
drugs given with warfarin are in-
creasingly common as a result of de-
mands of regulators. These studies,
which are invariably carried out with
healthy young male volunteers, are
too small to provide any assurance
of lack of interaction and are likely
not generalizable to the usual war-
farin consumer—an elderly person
with active medical conditions us-
ing several other medications. Only
5 of 34 RCTs evaluated in this re-
view involved sample sizes from 24
to 43 patients.'*** Poor-quality lit-
erature is not merely an aggrava-
tion to review. Twenty of the inter-
action reports received a level IV
causation rating, implying that the
interaction was highly improbable
based on the lack of fulfillment of ba-
sic causation criteria.’®*3**° The
publication of such reports is po-
tentially harmful itself because it may
generate unwarranted concern and
erroneously influence prescribing.
We were surprised to find no analy-
ses of linked, large administrative da-
tabases examining drug interac-
tions with warfarin.

This review has several limita-
tions. Our literature search did not so-
licit all unpublished adverse interac-
tions reported to drug manufacturers
or governments. However, both
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Table 2. Drug and Food Interactions With Warfarin by Level of Causation and Direction of Interaction*

Level of Causation

Potentiation

Inhibition

No Effect

| (Highly probable)

Il (Probable)

Acetaminophen'’

Alcohol (if concomitant liver disease)t®

Amiodaronet55%”
Anabolic steroidst65°
Boldo-fenugreek'®
Cimetidinet”®7®
Ciprofloxacint (n = 34)'°
Citaloprami: (n = 12)%°
Clofibratet’®
Cotrimoxazolet”
Diltiazemt (n = 20)%°
Entacaponet: (n = 12)%'
Erythromycint’®
Fenofibrate?

Fish oil®
Fluconazolet™
Isoniazidt®

Mango®
Metronidazolet®'
Miconazole oral gelt®

Miconazole vaginal suppositories®

Omeprazolet®
Phenylbutazonet84%
Piroxicam %
Propafenonet®”
Propranolol 1%
Quilinggao®
Sertralinet(n = 12)7

Sulfinpyrazone (biphasic with later inhibition) 9%

Voriconazolet (n = 17)%
Zileuton: (n = 24)%

Acetylsalicylic acidt'?
Amoxicillin/clavulanate'®
Azithromycin'**
Celecoxib®

Choral hydratet'?
Clarithromycin'*
Danshen'”
Dextropropoxyphenet'?®
Disulfiramt1?

Dong quai'®®
Fluorouracil'™'
Fluvastatin'®
Fluvoxamine's
Gemcitabine'>
Grapefruit juice’™
Interferon’®®
Itraconazolet™’
Levamisole/fluorouracil'*
Levofloxacin'®

Lycium barbarum L™
PC-SPES'*!
Paclitaxel'*?
Paracetemol'*

Phenytoin (biphasic with later inhibition)f'

Quinidinet™®
Ritonavir®
Ropinirole™®
Simvastatint 14714
Tamoxifent™®
Tetracyclinefs%1%!
Tolterodine'®?
Tramadol'*1>
Troglitazone'>

Barbituates®%*
Carbamazepinet®
Chlordiazepoxidet®
Cholestyraminet®”%
Etodolact (N = 18)®
Griseofulvint®:100
Mercaptopurine®'
Mesalamine®
Nafcillint!

Ribavirin®
Rifampint102103
Sucralfatet'041%
Trazodone™

High vitamin K content
foods/enteral feedst%1%”
Large amounts of avocadot'®®

Azathioprine'*®
Bosentan'>”
Candesartan cilexetilf'*
Chelation therapy'®®
Dicloxacillin 160161
Ginseng'®

Influenza vaccine®

Multivitamin supplement containing

vitamin K63
Raloxifene hydrochloride's
Ritonavir'®
Soy milk'®

Alcohol 19110
Anastrozolet (N = 16)*
Antacidst®
Argatrobanz®®
Atenolol 8
Bumetadinet™
Gilostazol}: (N = 15)%"
Clopidogrelf (N = 43)'
Diflunisal{''

Donepezil hydrochlorides: (N = 12)%

Enoxacint'™®
Eprosartang (N = 18)%
Famotidinet™*
Felodipinet'™®
Fluoxetinet'®
Fondaparinux (N = 12)%°
Gemifloxacing (n = 35)*
Ketorolact™”
Levetiracetams: (N = 26)*
Losartang (N = 9)*
Meloxicami (N = 13)*
Metoprolol 2
Metrifonatef (N = 14)%
Miglitolf (N = 19)%
Modafinilt (N = 28)*
Moexiprilt (N = 10)%
Montelukastf (N = 12)*
Moricizinet''®
Naproxent''
NateglinideF (N = 12)%
Nefazodonet (N = 17)°
Nizatidinet'™

Olestraz: (N = 36)™
Pantoprazolet (N = 26)%
Psylliumt*’
Ranitidinet7!12!

Sevelamer hydrochloridet (N = 14)%

Vitamin Et (N = 25)'3

Atorvastatin®
Cilomilast}: (N = 36)1%¢

Coenzyme Q10/ginkgo bilobat (N = 24)'°

Colesevelam hydrochloride'®®
Ibuprofent™®

Influenza vaccine 626
Ketoconazolet'”!
Ketoprofent'”
Levosimendan'”®
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Table 2. Drug and Food Interactions With Warfarin by Level of Causation and Direction of Interaction* (cont)

Level of Causation

Potentiation

Inhibition

No Effect

1l (Possible) Acarbose'™

Amoxicillin"

Cranberry juice'”
Curbicin'™®
Danazol'®

Felbamate'®
Gatifloxacin'®
Gemfibrozil'®
Indomethacin'®®
[fosphamidet'®
Lovastatint'®
Leflunomide'®"
Metolazonet'%?

Nalidixic acidt'®
Norfloxacint'®
Ofloxacint'%:1%7
Orlistat'#

Rofecoxib®

Saquinavir®'
Sulindact?%22%8
Terbinafine®
Ticlopiding?®
Tolmetint?%®
Trastuzumab?*

IV (Highly
improbable)

Bezafibrate?'®
Cefamandolet?'
Cefazolint?™

Heparin?'6
Levamisole®’
Evonorgestrel*'

Nabumetone®?
Quetiapine?'
Sulfisoxazolet???

Amiodarone-induced toxicosis'”®
Amoxicillin/iranexamic rinse'’®

CMF (cyclophosphamide/methotrexate/fluorouracil)'’”
Chloramphenicol'”®

Propoxyphenet'?

Etoposide/carboplatin®®
Fluoxetine/diazepam®

Cyclosporinet?’
Etretinate 2%
Sulfasalazine®”®

Sushi containing seaweed?'°
Telmisartan®"!

Terbinafine®
Ubidicarenone?"?

Danshen/methyl salicylate'®
Disopyramidet®184

Miconazole topical gel'*

Topical salicylatest%%20

Cloxacillin®®
Furosemide®

Green tea®®
Nafcillin/dicloxacillin®®
Propofol®?
Teicoplanin®®

Methylprednisolone?'®

Tobaccot??
Vancomycint?'

*Interaction key: major interaction (bald/italics); moderate interaction (hold); minor interaction (italics); nonclinical interaction (regular).

tData from 1994 review.®

$Drugs and foods for which evidence is based on fair- to good-quality randomized controlled trials; numbers in parentheses indicate number of subjects in trial.

Health Canada’s Canadian Adverse
Drug Reaction Monitoring Program
and Food and Drug Administra-
tion’s MedWatch were solicited for
cases. We also were unable to
review all non-English publica-
tions. The handling of conflicting
evidence, while sensible, could
have led to a mistaken conclusion.
Others may not agree with our
multidimensional, hierarchical
evaluation methods.

In the extreme, no drug can be
deemed “safe” based on our sum-
mary chart because the absence of

proof of a severe interaction does not
mean proof of absence. Idiosyn-
cratic reactions can always be ex-
pected. We therefore continue to
recommend careful monitoring of
warfarin therapy at the time of in-
troduction of any new medication,
herbal product, or food. Herbal
products are particularly problem-
atic given the lack of quality con-
trol on their contents and the fail-
ure of clinicians to ask about their
use.245,246

How can clinicians use this in-
formation? To prescribe safely, there

are 3 choices: one is to never pre-
scribe or allow another medicine to
be given with warfarin. This is clearly
impractical for most patients requir-
ing warfarin. The second is to use an
electronic medical record or pre-
scribing system that will evaluate in-
teractions among the patient’s en-
tire profile of therapies.**"** Because
these systems are not available to
most physicians and are frequently
incomplete and sometimes inaccu-
rate, a third approach is required.
The third option is to group the ma-
jority of offending interacting drugs
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Table 3. Clinically Significant Interactions With Warfarin by Level of Causation and Drug Group

Teicoplanin®?®

Analgesics,
Level of Anti-inflammatories
Causation Anti-infectives Cardiovascular Drugs and Immunologics CNS Drugs
Potentiation

| (Highly probable) Ciprofloxacin'® Amiodarone®-¢7 Phenylbutazone®8 Alcohol (if concomitant
Cotrimoxazole” Clofibrate’ Piroxicam® liver disease)®
Erythromycin’® Diltiazem? Citalopram'®
Fluconazole™ Fenofibrate® Entacapone®'
Isoniazid (600 mg/d)® Propafenone® Sertraline?”
Metronidazole®' Propranolol®®
Miconazole oral gel®? Sulfinpyrazone (biphasic with
Miconazole vaginal suppositories® later inhibition)®>-#?
Voriconazole?

Il (Probable) Amoxicillin/clavulanate'? Acetylsalicylic acid'® Acetaminophen'” Disulfiram'?®
Azithromycin'?* Fluvastatin'®? Acetylsalicylic acid'? Choral hydrate'®
Clarithromycin'? Quinidine'® Celecoxib® Fluvoxaming'®
Itraconazole'” Ropinirole'4 Dextropropoxyphene'?® Phenytoin (biphasic with
Levofloxacin'® Simvastatin™’ Interferon's later inhibition)™4
Ritonavir® Tramadol'®®
Tetracycling™'!

1l (Possible) Amoxicillin' Amiodarone-induced toxicosis'”® Celecoxib® Felbamate®
Amoxicillin/tranexamic rinse'”® Disopyramide'83184 Indomethacin'®
Chloramphenicol'”® Gemfibrozil®” Leflunomide'"
Gatifloxacin'® Metolazone'® Propoxyphene'?®
Miconazole topical gel'® Rofecoxib®
Nalidixic acid'®* Sulindac?®
Norfloxacin'® Tolmetin?%®
Ofloxacin'®’ Topical salicylates'200
Saquinavir®'
Terbinafine®®

IV (Highly Cefamandole?™* Bezafibrate?'® Levamisole?'” Fluoxetine/diazepam>®

improbable) Cefazolin®' Heparin®'® Methylprednisolone?'® Quetiapine?!
Sulfisoxazole?? Nabumetone??
Inhibition

I (Highly probable) Griseofulvin®1% Cholestyramine®” Mesalamine™ Barbiturates®*
Nafcillin'®* Carbamazepine®
Ribavirin®
Rifampin!021%3

Il (Probable) Dicloxacillin'6016! Bosentan'®” Azathioprine's® Chlordiazepoxide®
Ritonavir'®

[l (Possible) Terbinafine®® Telmisartan?®"! Sulfasalazine®®®

IV (Highly Cloxacillin?® Furosemide?** Propofol?

improbable) Nafcillin/dicloxacillin®®

into easier-to-remember families or
therapeutic groups, as we have done
in Table 3. We recommend to exer-
cise caution when adding any anti-
biotic to warfarin therapy, espe-
cially for macrolides, quinolones,
and “azoles.” Many common car-
diovascular drugs, including stat-
ins, fibrates, heparin, aspirin, and
amiodarone, are problematic. Also,
NSAIDs, including COX-2 selec-
tive NSAIDs, should be avoided, as
should omeprazole, alcohol, chlo-
ral hydrate, anabolic steroids, and a
wide variety of, if not all, herbal
supplements. New oral anticoagu-

lants may soon be available but have
not demonstrated superior long-
term efficacy, safety, or drug inter-
action profile compared with war-
farin.

QL covcLusions B

In summary, there is an abundance
of medications and foods for which
an adverse interaction with warfa-
rin, generally potentiation of war-
farin’s effect, has been reported.
While the drug interaction litera-
ture is generally of poor quality, rela-

(continued)

tively consistent reporting of inter-
actions between warfarin and certain
commonly used drugs and drug
families (mainly anti-infective
agents, lipid-lowering drugs, NSAIDs
including COX-2 selective NSAIDs,
selective serotonin reuptake inhibi-
tors, amiodarone, omeprazole, fluo-
rouracil, and cimetidine) is cause for
concern. In patients who are start-
ing therapy with one of these medi-
cines, consideration should be given
to using an alternative medication
with less potential for warfarin in-
teractions (eg, rabeprazole instead of
omeprazole and acetaminophen in-
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Table 3. Clinically Significant Interactions With Warfarin by Level of Causation and Drug Group (cont)

Level of Causation

Gl Drugs and Food

Herbal Supplements

Other Drugs

Potentiation

IV (Highly improbable)

Green tea?®®

| (Highly probable) Cimetidine™®"® Boldo-fenugreek'® Anabolic steroids?85°
Fish 0il?3 Quilinggao? Zileuton®
Mango®
Omeprazole®
Il (Probable) Grapefruit juice'® Danshen'?’ Fluorouracil'®'
Dong quai'® Gemcitabine!®*
Lycium barbarum L' Levamisole/fluorouracil®
PC-SPES™ Paclitaxel'?
Tamoxifen'®
Tolterodine'?
1l (Possible) Cranberry juice' Danshen/methyl salicylate'® Acarbose'™
Orlistat'® CMF (cyclophosphamide/
methotrexate/fluorouracil)'””
Curbicin'®
Danazol'®'
Ifosphamide’®
Trastuzumab®®
IV (Highly improbable) Etoposide/carboplatin®'®
Levonorgestrel?'®
Inhibition
| (Highly probable) High vitamin K content foods/enteral feeds!®®%” Mercaptopurine®'
Avocado (large amounts)'®
Il (Probable) Soy milk'e® Ginseng'®? Chelation therapys®
Sucralfate'%41% Influenza vaccing®
Multivitamin supplement'®®
Raloxifene hydrochloride®
Il (Possible) Sushi containing seaweed?' Cyclosporine®””
Etretinate?%®

Ubidicarenong?'?

Abbreviations: CNS, central nervous system; Gl, gastrointestinal.

stead of NSAIDs). More frequent
INR testing during the 2 weeks of the
onset or discontinuation of treat-
ment with other medications is ad-
visable. Finally, we recommend the
use of more rigorous methods to ex-
amine warfarin interactions in pa-
tients (eg, RCTs, N of 1 crossover
studies, or large health database
analyses).
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