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A Possible Interaction of VVoriconazole and Warfarin in a Renal

Transplant Recipient
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Abstract: A potential warfarin — voriconazole interaction has been identified in one study involving healthy individuals.
We report a case where addition of voriconazole possibly increased the international normalized ratio (INR) in a renal
transplant patient taking warfarin. The INR elevation was resistant to reversal agents, and the situation may have ulti-

mately contributed to a thrombotic episode.

INTRODUCTION

Voriconazole is a triazole antifungal derivative of flu-
conazole with enhanced potency against fungal cytochrome
P(CYP)450-dependent  14a-sterol demethylase. Conse-
quently, voriconazole has enhanced activity against Asper-
gillus fumigatus and Candida krusei. Based upon their
mechanism of action, azole antifungals undergo extensive
hepatic metabolism. Voriconazole is metabolized primarily
by CYP2C19, but also CYP2C9 and CYP3A4. The N-oxide
metabolite of voriconazole inhibits CYP2C9 and CYP3A4 to
a greater extent than CYP2C19 [1,2]. These data suggest the
potential for numerous drug-drug interactions with voricona-
zole, including an interaction with warfarin. One study con-
ducted in healthy males evaluated the pharmacodynamic
effects of the addition of a single dose of warfarin to twelve
days of oral voriconazole in a placebo-controlled two-way
crossover design and demonstrated a prolongation of pro-
thrombin time/international normalized ratio (INR) when
warfarin was administered with voriconazole [3]. To our
knowledge there is no additional data evaluating the war-
farin-voriconazole interaction. A significant drug-drug inter-
action could result in difficulty maintaining an INR within
acceptable range, and potential downstream consequences,
such as bleeding, thrombosis, delays in procedures, or pro-
longed hospitalization [4]. We report a case describing a
hospitalized patient who may have experienced a clinically
significant warfarin-voriconazole drug-drug interaction re-
sulting in INR elevation resistant to reversal agents, cancel-
lation of a procedure, and a thrombotic episode after the INR
declined. Institutional Review Board approval was granted
for reporting this study.

CASE

A 74 year old male with a cadaveric renal transplant 4
years prior was admitted with a four day history of fever,
chills, headaches, generalized body aches, loss of appetite
and mild nausea. There was no cough, sore throat, sinus
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pain, earache or urinary symptoms. The patient had a history
of end stage renal disease due to hypertension, and prostate
cancer, dyslipidemia, osteoporaosis, chronic atrial fibrillation
and a recent herpes zoster infection. For the transplant, the
patient received basiliximab induction and maintenance im-
munosuppression with cyclosporine, sirolimus and predni-
sone. The patient took nifedipine and metoprolol for hyper-
tension, doxazosin for the prostate and hypertension, simvas-
tatin for dyslipidemia, alendronate for osteoporosis, famci-
clovir for herpes zoster, and amiodarone, warfarin and low-
dose aspirin for the atrial fibrillation. Upon admission, the
temperature was 102.4 degrees Fahrenheit, pulse was 69
beats per minute and consistent with atrial fibrillation (ir-
regular), blood pressure was 128/72 mmHg, respirations
were 20 per minute, and oxygen saturation was 98%. Physi-
cal examination revealed a resolving shingles rash on the
right flank. Laboratory analysis demonstrated a white blood
cell count of 10,100 per mm?® with 82.1% neutrophils, 4.4%
lymphocytes, and 13.3% monocytes, and a platelet count of
132,000 cells per mm®. Sodium was 129 mEq/L, chloride
was 93 mEq/L, serum creatinine was 1.3mg/dL, CO, was 22
mEg/L, and laboratory results were otherwise unremarkable.
A chest radiograph demonstrated a right lower lobe infiltrate.

The patient was presumed to have community acquired
pneumonia and was started on ceftriaxone and azithromycin
(Table 1). Alendronate and famciclovir were not continued
after admission. On the second day a plasma cytomegalovi-
rus polymerase chain reaction test was sent, which was nega-
tive. On the third day of admission the patient had an episode
of chest pain which resolved with sublingual nitroglycerin,
but no electrocardiogram changes were observed, and
creatine-kinase-MB (CK-MB) fraction and troponin T re-
mained within normal limits. On the fourth day a chest ra-
diograph demonstrated bilateral interstitial infiltrates with
patchy alveolar infiltrates superimposed, most pronounced in
the right lower lobe, and scattered nodular densities. On the
sixth day chest radiograph revealed a bilateral parenchymal
ground glass appearance in the upper and lower lobes, pre-
dominating in the upper lobes with extensive bullous
changes suggestive of pneumonitis. On the seventh day co-
trimoxazole was initiated for possible Pneumocystis carinii,
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Table. 1. Review of Medications Given (Black Bars) before, During (Grey Box), and after the Voriconazole-Warfarin Interaction

Day of Hospitalization

9 | 10

11

12

13

14

15

16

17

18

19

Immunosuppressives

Cyclosporine 50mg PO BID

Cyclosporine 25mg PO BID

Cyclosporine 75mg PO BID

Cyclosporine 100mg PO BID

Cyclosporine 60 mg IV

Sirolimus 1mg daily

Prednisone 5mg daily

Methylprednisolone 20mg IV daily

Anticoagulants and Reversal Agents

Warfarin (See Fig. 1 for dose)

Enoxaparin 60mg SQ x1

Enoxaparin 70mg SQ BID

Fresh Frozen Plasma

Vitamin K 5mg SQ

Cardiovascular

Metoprolol 100mg PO BID

Aspirin 81mg PO daily

Doxazosin PO 1mg AM, 2mg PM

Nifedipine XL 30mg PO Daily

Amiodarone 200mg PO daily

Simvastatin 20mg daily

Diltiazem 30mg g6h

Nitro tab 0.4mg x2

Furosemide 40mg IV or PO daily

Infection

Ceftriaxone 1g IV daily

Azithromycin 250mg PO daily

Azithromycin 500mg PO daily

Cotrimoxazole DS PO #2 q12h

Levofloxacin 500mg IV daily

Vancomycin 1g 1V daily

Meropenem 1g IV g8h

Doxycycline 100mg IV q12h

Acyclovir 600mg 1V g8h
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(Table 1) contd....

Day of Hospitalization

7 8 9 |10 |11 |12 | 13 | 14 | 15 | 16 | 17 | 18 | 19

Voriconazole 300mg 1V x1 in PM

Voriconazole 300mg 1V q12h

Respiratory

Levalbuterol 0.63 mg inhaled q6h

Ipratropium 0.5mg inhaled q3h

Acetylcysteine 20% 3mL inhaled g6h

Gastrointestinal

Pantoprazole 40mg IV or PO daily

Ondansetron 4mg IV g6h prn

Central Nervous System

Acetaminophen 650mg q6h prn

Propofol/vecuronium/hydromorphone 1V

Other

Darbepoetin 200mcg SQ

but a bronchial washing done on that day revealed benign
bronchial and squamous epithelial cells in a background of
macrophages and inflammatory cells with no viral inclusions
or evidence of pneumocystis or fungal organisms.

Cotrimoxazole was subsequently discontinued. Separate
staining for Mycoplasma pneumoniae was also negative.
Tests for Legionella were negative. On the eighth day the
patient was transferred to the intensive care unit due to wors-
ening respiratory status. Sirolimus was discontinued on that
day as a possible cause of pneumonitis. Ceftriaxone and
azithromycin were switched to levofloxacin, meropenem and
vancomycin. On the tenth day of hospitalization hemody-
namic instability ensued and the antihypertensives were dis-
continued. Amiodarone was also stopped since it was con-
sidered a potential cause of the pneumonitis, and diltiazem
was added for rate control. A chest radiograph demonstrated
bilateral pulmonary opacities representing multilobar pneu-
monia, and the following day another radiograph demon-
strated ill-defined parenchymal densities bilaterally, possibly
representing tumor, pneumonitis, or pneumonia. On the
twelfth day of hospitalization intravenous acyclovir and
voriconazole were added since the patient’s status was not
improving and a sputum culture yielded a preliminary result
of light candida species growth. The final culture results
were presumptive Candida albicans and Enterococcus fae-
cium susceptible to vancomycin. Another chest radiograph
demonstrated increased left lower lobe infiltrates, and a
computed tomography revealed extensive ground glass
opacities throughout the lungs and bullous emphysematous
lesions throughout the lungs, with right greater than left
pleural effusion. The patient also underwent elective intuba-
tion on day 12. Subsequent chest radiographs during the ad-

mission revealed no important changes. Blood -cultures
throughout the admission were negative. Serum creatinine
remained stable between 1 and 1.5 mg/dL until day 26.

The patient was on warfarin for prevention of throm-
boembolic complications associated with atrial fibrillation
during the hospitalization. The INR was maintained at ap-
proximately 1.5-1.7 after an initial downward adjustment for
an elevated INR upon admission (Fig. 1). The warfarin dose
was increased after the amiodarone was discontinued (goal
INR 2-3). However a lung biopsy was planned for inpatient
day 14. After increasing the warfarin dose the INR was 3, at
which time (day 12) voriconazole was started and two units
of fresh frozen plasma (FFP) were given. Subsequently, the
INR increased to 4.1 and then 5.8 over the next two days,
despite holding warfarin and giving doses of subcutaneous
vitamin K and an additional 2 units of FFP on day 14. After
the INR reached 5.8 it declined. The patient’s hemoglobin
decreased 3 g/dL during the period of the elevated INR, but
no obvious source of bleeding was identified. The lung bi-
opsy was delayed due to the elevated INR, and then ulti-
mately cancelled due to worsening of the patient’s clinical
status. The drop in INR was observed 4 days after the last
dose of warfarin. However, the INR only decreased to 1.9
over the next few days, despite stopping warfarin and admin-
istering FFP and vitamin K. On day 17 the patient developed
a left upper extremity swelling and was diagnosed with an
ultrasound-confirmed deep vein thrombosis, which was
treated with enoxaparin. From admission until the peak INR,
serum glutamic oxaloacetic transaminase (SGOT) ranged
from 21 to 64 international units (IU) per liter and serum
glutamic pyruvic transaminase (SGPT) ranged from 13 to 76
IU/L. The SGOT and SGPT during the period of the INR
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Fig. (1). Dosing of warfarin (black bars) in mg and voriconazole (white bars) in mg/kg relative to INR (line with triangles). All use the same

axis values on the left.

elevation were 24 to 40 IU/L and 26 to 61 IU/L, respec-
tively. For the next 10 days after the peak INR the SGOT
was 21 to 76 IU/L and the SGPT was 23 to 62 IU/L. On in-
patient day 20 an abdominal film demonstrated considerable
gallbladder sludge without stones or liver abnormality. How-
ever on day 25, the amylase was 253 IU/L, lipase was 56
U/L, and the SGOT and SGPT increased to 1,110 and 936
IU/L, respectively. The patient remained unable to be
weaned from the ventilator and became increasingly depend-
ent on vasopressor agents for blood pressure support. A gas-
trointestinal bleed and a sepsis-like syndrome developed
with continuing fevers and low blood pressure. On day 25
the CK-MB was elevated to 17 ng/mL and the troponin T
was 0.235 ng/mL, consistent with a non-ST-segment eleva-
tion myocardial infarction. The serum creatinine began to
rise above 1.5 mg/dL on day 26, going to 1.7 mg/dL and
then to 2.4 mg/dL on the last day of hospitalization. The pa-
tient ultimately expired due to sepsis, respiratory failure,
renal failure and hepatic failure.

DISCUSSION

Warfarin is an effective oral anticoagulant that suffers
from numerous drug-drug and drug-food interactions that
either potentiate the bleeding effects or reverse the antico-
agulant effects [4,5]. Patients require many more medica-
tions than healthy individuals, so it is difficult to achieve
target INR levels in patients with multiple comorbidities and
medications. One study conducted in healthy individuals
previously demonstrated that the hypoprothrombinemic ef-
fect of a single dose of warfarin was potentiated by daily
voriconazole therapy [3]. We demonstrate for the first time,
to our knowledge, an increase in the INR, decrease in hemo-
globin and ultimately development of deep vein thrombosis
when intravenous voriconazole was added after warfarin
therapy in a patient taking multiple medications and with
many medical conditions.

Warfarin is racemic mixture of R-warfarin and S-war-
farin. R-warfarin is a weak inhibitor of vitamin K epoxide

reductase and is metabolized to inactive metabolites primar-
ily by CYP1A2 and CYP3A4. S-warfarin is the stronger in-
hibitor of vitamin K-dependent clotting factor synthesis and
is mainly metabolized, under polymorphic genetic control, to
inactive metabolites by CYP2C9 [6-9]. Voriconazole also
has genotype-dependent dose requirements (CYP2C19) and
has the ability to inhibit the metabolism of R-, and S-
warfarin by inhibiting CYP3A4 and CYP2C9, respectively
[1,2]. The pharmacokinetics of voriconazole are non-linear,
so the half-life is dose-dependent and unpredictable, but in
general about 6 hours. However, maximum concentrations
are achieved within 1-2 hours [10].

The dose of warfarin was increased 3 days prior to initia-
tion of voriconazole, and the last dose of warfarin was given
approximately 24 hours before voriconazole initiation. The
effects of warfarin dose modifications on INR are usually
observed within 72 hours, which decreases the likelihood
that the effect of adjusting the warfarin dose fully explains
the rise in INR and resistance to reversal agents [4]. Unfor-
tunately, INRs were unavailable on days 10 and 11, the two
days after the warfarin dose was increased, but before initia-
tion of voriconazole.

Many other drug-drug interactions had the ability to po-
tentiate or inhibit the antiprothrombinemic effects of war-
farin in this case, so it is necessary to examine those possible
relationships. Amiodarone, aspirin, azithromycin, doxycy-
cline, cotrimoxazole, and simvastatin all had the potential to
potentiate the warfarin effect, but all were stopped prior to
voriconazole administration [4,5,11,12]. The elimination
half-life of aspirin (3-10 hours) rules out its effect, but the
elimination half-lives of simvastatin (unknown), doxycycline
(15-20 hours), cotrimoxazole (15-20 hours), and azithromy-
cin (70 hours) do not entirely rule out the possiblity of their
contribution to an interaction [11]. However, the drugs were
given concurrently with warfarin, so it is likely that their
influence was accounted for by the warfarin dose.

Sirolimus, which has not been identified to interact with
warfarin, and amiodarone, were both stopped due to their
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established relationship with pneumonitis [13,14]. Since a
lung biopsy was cancelled as a result of difficulty managing
the anticoagulation, the diagnosis was not established. The
dose of warfarin had been increased prior to voriconazole
administration, because of the amiodarone discontinuation
and the subtherapeutic INR. Amiodarone, which has a highly
probable association to clinically significant potentiation of
warfarin was replaced with diltiazem. Diltiazem decreases
R-warfarin clearance, with clearance of S-warfarin unaf-
fected, so it does not appear to prolong prothrombin time
[15,16]. Amiodarone has a long half-life, so it is impossible
to exclude an interaction with warfarin even after disconti-
nuation. However, since the patient was on amiodarone long-
term prior to admission we feel that full effects of that drug-
drug interaction were realized prior to voriconazole admini-
stration.

Other drugs known to potentiate warfarin were given
prior to and during voriconazole therapy including aceta-
minophen, pantoprazole, levofloxacin, methylprednisolone
and vancomycin [4,5,11,17,18]. The relationship between
levofloxacin and elevated INR in patients taking warfarin is
controversial. Evidence suggests the possibility of a war-
farin-levofloxacin interaction, but the data are inconsistent,
and the effect only appears to occur in some patients. When
a levofloxacin-warfarin interaction does occurs, the INR
elevation appears to manifest at day 5-6 of combined therapy
[18]. Use of pantoprazole, acetaminophen, methylpredniso-
lone, and voncomycin were relatively consistent prior to and
up until the use of voriconazole.

Furosemide and cyclosporine, drugs that could poten-
tially decrease the effects of warfarin, were given prior to,
and concurrently with voriconazole [4]. Propofol, a drug
with a possible, but highly improbable, association to de-
crease the effects of warfarin was also given currently with
voriconazole [4,5,11]. Vitamin K and FFP were given during
voriconazole administration, and did not appear to take any
effect until four days after warfarin was discontinued. The
expected effect of holding warfarin dose and administration
of FFP and vitamin K would be a reduction in INR within
24-48 hours [4]. Because of the long half-life of warfarin
(36-42 hours) and its 2-5 day duration of action, the time
frame of INR decline in this case was more consistent with
diminishing effects of warfarin, rather than the effect of the
antagonists [4]. However, despite the reduction of INR after
4 days, the INR remained ~2 for several more days without
additional warfarin while voriconazole was continued. It is
unlikely that a single dose of enoxaparin produced an eleva-
tion of INR during that time. Unfortunately, a deep vein
thrombosis developed even with an INR of ~2. Liver disease
also developed in this patient, but it was approximately 2
weeks after initiation of voriconazole, so the association with
elevated INR was doubtful. A relationship between vori-
conazole and the liver disease was not established.

The drug-drug interactions, other than the voriconazole-
warfarin interaction, do not appear to adequately explain the
circumstances that occurred in this patient. Many of the
drugs with well established relationships to warfarin poten-
tiation were stopped prior to voriconazole administration.
Other drugs that could interact with warfarin such as aceta-
minophen, pantoprazole, levofloxacin, methylprednisolone,
vancomycin, furosemide and cyclosporine were given before
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and during voriconazole. However, since the potential
levofloxacin-warfarin interaction manifests most commonly
in the 5-6 day time-frame, the same time-frame from initia-
tion of levofloxacin to initiation of voriconazole, the contri-
bution of levofloxacin to the INR elevation cannot be ruled
out entirely [18]. The only new drug with a potential interac-
tion given during voriconazole therapy was propofol, a drug
proposed to potentially decrease the anticoagulant effects of
warfarin [4,5].

CONCLUSION

This case has demonstrated for the first time a clinically
significant potential drug-drug interaction between warfarin
and intravenous voriconazole in a multi-morbid patient. The
interaction produced an increase in INR even after discon-
tinuation of warfarin, and administration of vitamin K and
FFP, and resulted in cancellation of a procedure, a 3g/dL
decrease in hemoglobin and ultimately contributed to the
development of a deep vein thrombosis. Clinicians should be
aware of the possibility of a clinically significant warfarin-
voriconazole interaction, and enhance INR monitoring ac-
cordingly.
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