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Adjusting the exact warfarin dose has always been challenging since it has a narrow therapeutic window. Numerous
factors, including poor drug compliance, drug-drug interactions, and malabsorption syndromes, affect the warfarin plasma
concentration, leading to oversensitivity or resistance to warfarin. Patients who need more than 15 mg/d of warfarin for
maintained anticoagulant effects are considered warfarin resistant.

We describe a 62-year-old man referred to our center with bruising on his feet in June 2021. The patient had a history of
valve replacement (mechanical prosthetic valves in 2013), hypothyroidism, and atrial fibrillation. He presented with warfarin
resistance (first noticed in 2013) and did not reach the desired warfarin therapeutic effect despite receiving 60 mg of warfarin
daily.

Upon admission, the patient was on warfarin (100 mg/d) with an international normalized ratio (INR) of 1.5. He underwent
laboratory and molecular genetic tests, which showed no mutation in the CYP2C9 and VKORCI, the genes associated with
warfarin resistance.

A stepwise diagnosis is required to identify the underlying cause. Assessing the patient’s compliance, drug history, dietary
habits, malabsorption diseases, and genetics may be necessary. We evaluated these possible reasons for resistance and found
no correlation. The patient’s warfarin intake was monitored closely to reach the INR therapeutic target of 3-3.5. He decided
to leave the hospital with personal consent. He was discharged with a cardiologist referral and 24 warfarin tablets daily (120
mg/d) with an INR of 1.8. The patient was followed up 6 months and 2 years after discharge and was on the same daily dose
of warfarin as at discharge, with no complications.
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Introduction

Adjusting the exact dose of warfarin, a vitamin K
antagonist (VKA), has always been -challenging for
healthcare providers since it has a narrow therapeutic
window. Numerous factors affect the concentration of
warfarin in blood and its anticoagulant effects. Some may
lead to oversensitivity to and others to resistance to warfarin.
As a definition, patients who need more than 15 mg/d of
warfarin for the anticoagulant effects to be maintained are
considered warfarin resistant.!

Poor drug compliance is the most common reason for
warfarin resistance. Hence, patients exhibiting resistance
should undergo examinations for adequate drug use.’
Warfarin undergoes a vast number of drug-drug interactions.
There are various mechanisms by which medications interact
with VKAs. These mechanisms can result in a prolonged
prothrombin time/international normalized ratio (PT/INR),
an increased bleeding risk independent of PT/INR, and
reduced anticoagulation.>® Dietary factors also play a crucial
role in modifying the warfarin effect.”® Parenteral nutrition
may also cause warfarin resistance.’

Hyperlipidemia requires more warfarin for desired
effects.!” Serum albumin levels interfere with warfarin:
hypoalbuminemia increases the free portion of warfarin,
enhancing its clearance, whereas hyperalbuminemia alters its
plasma level by changing the concentration of other drugs.
Both conditions result in warfarin resistance.> Warfarin is
bound to several enteral feeding products, especially protein
components, causing a reduction in warfarin bioavailability."!

We herein describe a patient with a history of valve
replacement (mechanical prosthetic valves) and atrial
fibrillation (AF) who showed warfarin resistance despite
having normal routine genetic tests for the condition. The
study protocol was approved by the Review Board of Rajaie
Cardiovascular Medical and Research Center. The patient
received comprehensive explanations about the research
process and agreed to enroll by providing informed written
consent. The study adhered to the Helsinki Statement.

Case report

The patient was a 62-year-old Caucasian man from Sari,
Iran, who was referred to our center in June 2021 with a
complaint of bruising on both feet and warfarin resistance.
He was a known case of AF with a history of warfarin
resistance, first noticed in 2013. The patient’s resistance to
warfarin was then linked to hypothyroidism, and he had taken
levothyroxine ever since, with the warfarin dosage adjusted
accordingly. The patient had a history of acute rheumatic
fever in 1982 and underwent mitral commissurotomy in the
same year. He also underwent concomitant atrial, mitral,
and tricuspid valve replacements with mechanical prosthetic
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valves in 2013. In that admission, a coronary computed
tomography angiography yielded normal results. His past
medical and habitual history (eg, alcohol consumption and
cigarette smoking) was unremarkable.

In the last admission just prior to referral to our center, the
patient was hospitalized in Sari in May 2021 with bruised
feet and an international normalized ratio (INR) below
1.8 despite receiving 12 warfarin tablets daily (60 mg).
He did not present with signs and symptoms of anemia,
gastrointestinal bleeding, and cerebrovascular accident.
Echocardiography illustrated a fixed bileaflet tricuspid valve
with a pressure gradient of 5 mm Hg, a mass (1x1.9 cm) on
the tricuspid valve, moderate tricuspid transvalvular leakage
with clot formation (1.3%1.13 c¢m), and normal pulmonary
arterial pressure (27 mmHg). Fluoroscopy confirmed the
echocardiographic findings. The patient was administered 80
mg of enoxaparin twice daily and a bolus of 10 international
units (IU) of reteplase with a subsequent 10 IU reteplase
infusion. His INR began to rise once the reteplase was
started. Subsequently, the treatment was bridged to warfarin
with a view to maintaining INR. The patient was discharged
with 20 warfarin tablets daily (100 mg/d) with an INR of 1.5.
Afterward, he was referred to our center for further workup
on warfarin resistance.

Upon admission to our center, in addition to warfarin
(100 mg/d), the patient had been on levothyroxine (100
ng once daily) for at least the preceding 3 months and was
euthyroid. His drug history was otherwise negative. ECG
Holter monitoring and laboratory and molecular genetic
tests were carried out. The 24-hour ECG Holter monitoring
was compatible with AF and showed an average heart rate
of 77 (minimum of 33 and maximum of 203) bpm. The
diurnal and nocturnal heart rate averages were 81 and 69
bpm, respectively. RR instability was evident with minimum
and maximum RR intervals of 235 milliseconds and 2150
milliseconds, respectively. In the monitoring period, 47
isolated and 1 couplet ventricular beats were observed, as well
as 42 isolated and 9 couplet supraventricular ectopic beats.
One episode of supraventricular tachycardia occurred with a
heart rate of 175 bpm for 5 seconds. During the monitoring,
the patient was asymptomatic. The overall interpretation was
AF rhythm with a variable ventricular response.

The results of the routine laboratory tests were as follows:
blood group: O positive; red blood cells: 4.05x10'%/1; white
blood cells: 4.7x10%1; hemoglobin: 12.2 g/dL; hematocrit:
37.6%; erythrocyte sedimentation rate: 8 mm/h; C-reactive
protein: 31 mg/mL; alanine transaminase: 38 U/l; aspartate
transaminase: 43 U/l; creatinine: 1.2 mg/dL; potassium:
3.9 mmol/l; sodium: 133 mmol/l; thyroid stimulating
hormone (TSH): 2.54 mIU/L (reference range = 0.35-4.99);
T3: 0.7 pg/dL (reference range = 0.5-1.59); T4: 7.1 ng/
dL (reference range = 4.87-11.7); stool occult blood: trace
positive.

The molecular genetic testing for the patient comprised
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DNA extraction via the salting-out method. A subsequent
restriction fragment length polymorphism-polymerase chain
reaction (RFLP-PCR) analysis was performed to examine
the single-nucleotide polymorphisms of the CYP2C9 and
VKORCI genes. The sensitivity and resistance tests detected
no mutation. The results are shown in Table 1.

Table 1. Genetic test results of SNPs
SNP Genotype
Sensitivity Testing
CYP2C*2 (c. 430 C>T)
CYP2C9*3 (c. 1075 A>C)
VKORCI (c. 1639 G>A)
Resistance Testing
VKORCI (c. 106 G>T)
VKORCI (c. 196 G>A)
VKORCI (c. 383 T>G)

CC: no mutation detected (N/N)
AA: no mutation detected (N/N)
GA: no mutation detected (N/N)

GG: no mutation detected (N/N)
GG: no mutation detected (N/N)
TT: no mutation detected (N/N)

SNP, Single-nucleotide polymorphism

In our center, the patient’s warfarin intake was monitored
until INR reached the therapeutic target (3-3.5). However,
he decided to leave the hospital with personal consent and
return to Sari. The patient was referred to a cardiologist in
Sari for further INR monitoring and treatment continuation.
He was given a discharge note containing a complete history,
treatments, and prescriptions. He was discharged with 24
warfarin tablets daily (120 mg/d) with an INR of 1.8. The
patient was followed up 6 months and 2 years after leaving
the hospital and was on the same daily dose of warfarin as at
discharge with no complications.

Discussion

The metabolism of warfarin can explain warfarin resistance.
Warfarin has 2 enantiomers that are metabolized separately
by cytochromes P450. CYPI1A42, CYP3A4, and carbonyl
reductase metabolize the R-warfarin to 6- and 8-hydroxy
warfarin, 10-hydroxy warfarin, and diastereoisomeric
alcohols, respectively. S-warfarin is metabolized primarily
by CYP2C9 to 7-hydroxy warfarin. The effect of warfarin
is mainly altered when the metabolism of s-warfarin is
changed.'? Changes in the activity of these cytochrome p450
enzymes can affect the plasma level of warfarin. Given that
these enzymes metabolize many other drugs, it is reasonable
to expect broad drug interactions with warfarin. Additionally,
genetic variations of these cytochrome complexes can be
the reason for different sensitivity to warfarin. CYP2C9*2
or CYP2C9*3 variant alleles decrease enzyme activity and
increase warfarin sensitivity. Polymorphisms of CYP3A44 or
CYPI1A42 may also cause warfarin sensitivity or resistance.'
Polymorphism of the VKORCI gene can result in increased
amounts of VKORCI protein or types with a reduced ability

of warfarin to attach to and deactivate, causing warfarin
resistance and vice versa. VKORC1 Asp36Tyr and VKORCI
p.D36Y mutations are associated with warfarin resistance, !>
while VKORC! 1639G>A mutation is related to warfarin
sensitivity.'¢

To determine the cause of warfarin resistance, the first
step is to evaluate the patient’s adherence to the medication
regimen. An accurate history of drugs, including over-the-
counter medications, should be obtained, and any specific
or unordinary dietary habits and a history of malabsorption
syndrome should be enquired.>"”

In the absence of the above causes, measuring the plasma
level of warfarin can be helpful. Studies suggest a therapeutic
serum warfarin level of 0.5-3 pg/mL. Lower plasma levels of
warfarin may indicate malabsorption problems after ruling
out poor drug compliance or enhanced drug clearance due to
possible pharmacokinetic resistance (eg, increased activity
of related cytochrome p450s). Still, the therapeutic level
of warfarin suggests pharmacodynamic resistance, which
can be explained through the altered activity of VKORCI
enzymes.’

Although not routinely advised, assessing factors II, VII,
IX, and X activity levels might be beneficial. For instance, a
10-30% activity level of factors II and X is associated with
the normal therapeutic effect of warfarin.?

To manage warfarin resistance, clinicians can analyze
the plasma levels of warfarin and clotting factors II and
X, in addition to employing pharmacogenetic analyses. An
algorithm proposes investigating potential noncompliance,
medication and dietary interference, and malabsorption
disorders if the INR is less than 2.0 on a warfarin dose
exceeding 15mg/d. Checking factor II and factor X
activity can reveal 2 options: (i) if the activity is below
40% of normal, the therapeutic warfarin dose may be
unreliable, and the plasma warfarin level should be checked
to confirm the diagnosis; (ii) if the activity is > 40% of
normal, pharmacokinetic or pharmacodynamic resistance
may be suspected, and the plasma warfarin level should
be checked. Therapeutic plasma warfarin levels suggest
pharmacodynamic resistance, while subtherapeutic levels
indicate pharmacokinetic resistance or noncompliance.’

Induction ofhepatic CYP2C9 (eg, rifampin, carbamazepine,
phenytoin, and primidone) and bypassing the warfarin effect
via large amounts of vitamin K (eg, some vitamin and calcium
supplements) can lead to reduced anticoagulation.>%'#! One
reason could be an external supply of vitamin K in these
drugs, which can neutralize the effect of warfarin. In addition,
other substances like ascorbic acid (vitamin C) are related
to warfarin resistance.”® Similarly, taking azathioprine,
barbiturates, bosentan, carbamazepine, cholestyramine,
cortisone, diuretics, haloperidol, mercaptopurine, nafcillin,
oral contraceptives, pyrimidine, ribavirin, rifampin,
ritonavir, spironolactone, and trazodone may decrease the
warfarin effect.>821-3
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Medications that alter intestinal flora (eg, Cotrimoxazole,
metronidazole, macrolides, and fluoroquinolones) inhibit
hepatic cytochrome P450 2C9 (CYP2CY9) (eg, fluconazole,
voriconazole, valproic acid, fluoxetine, and amiodarone)
and interrupt vitamin K recycling (eg, acetaminophen)
and can lead to prolonged PT/INR, increasing the warfarin
concentration and potentiating its effect. On the other hand,
medications that interfere with platelet function (eg, aspirin,
nonsteroidal anti-inflammatory drugs [NSAIDs], and
clopidogrel) or cause injury to gastrointestinal mucosa (eg,
aspirin, NSAIDs) can increase the bleeding risk independent
of PT/INR.*¢

Studies have shown the possible role of dietary factors
interacting with VKAs. For instance, some vegetables like
spinach, broccoli, and Brussels sprouts have high vitamin K
content; hence, they are considered a highly probable cause
of inhibiting the VKA effect. Conversely, several food items
like cranberry, grapefruit, ginkgo, ginseng, mango, and
alcohol are possible causes of augmented effects of VKAs.”8

After the underlying cause is determined, a suitable strategy
can confer the desired anticoagulant effect. The underlying
cause should be eliminated if possible. Educating patients
can increase their compliance and help them avoid drugs or
foods that might interfere with the activity of warfarin. When
there is pharmacokinetic or pharmacodynamic resistance,
the clinician should consider increasing the warfarin dose
and know that consuming over 100 mg daily might be
indicated.” There have been previous instances of receiving
145 mg and 55 mg daily without any negative clinical effects,
which supports this approach.!®?* The dose can be titrated by
genome testing and finding the responsible mutations.>

Using non-VKA anticoagulants like direct oral
anticoagulants (DOACs) and direct thrombin inhibitors
(DTI) or direct factor Xa inhibitors? and changing to other
VKAs like Acenocoumarol may also be considered.!”
Sometimes, there are limitations to using a substitutional
drug. For instance, despite several tests, standardized assays
are not available for assessing the anticoagulant activity
of new anticoagulants. Tests for classical anticoagulants
are standardized, and therapeutic intervals are set using
standards. However, standardization of tests used to evaluate
new anticoagulants is lacking, making it challenging to
translate their theoretical purpose into effective clinical
activity.”® Other drugs might not be available, or there
might be circumstances where warfarin is the only indicated
anticoagulant. For instance, VKAs are the only approved
anticoagulants for preventing thromboembolic events after
prosthetic valve implantation.??” In a study, Dabigatran was
associated with a higher rate of valve thrombosis in patients
with prior prosthetic mitral valve replacement.? Such patients
can be treated with higher doses of warfarin. Nonetheless,
in some studies, change from a mechanical prosthetic to a
bioprosthetic valve is reported to omit the need for warfarin.'

In the present case, our patient did not use any drug
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capable of decreasing the effect of warfarin, nor did he have
any unusual dietary habits. He claimed proper medication
adherence, which was also controlled by taking warfarin
under the direct observation of healthcare providers while
in the hospital. He did not have any history pointing to
malabsorption syndromes. The analysis of CYP2C9 and
VKORC1 gene polymorphisms showed no mutations. One
explanation could be other possible mutations in the CYP
complex and VKORC! genes rather than conventional ones
that have been tested.

We ultimately planned to increase our patient’s daily dose
of warfarin intake to 120 mg to reach the desired therapeutic
INR. Future studies should be conducted to weigh the
benefits of titrating the dose of warfarin based on identifying
the genetic reason for resistance against the approach in
which an increased dose of warfarin is administered until
the desired anticoagulant effect appears without knowing the
causative mutation.

Conclusion

Further research is needed to identify the underlying
mechanisms of warfarin resistance and improve patient
outcomes. Future investigations should focus on genetic and
environmental factors contributing to warfarin resistance.
Genetic variations in the genes encoding VKORCI,
CYP2C9, and VKOR have been associated with warfarin
resistance, and further investigation of these genetic
variations can help identify patients at risk of developing
warfarin resistance and guide personalized dosing strategies.
As mentioned earlier, environmental factors, such as diet
and medication use, can also influence warfarin resistance,
and research should investigate the impact of these factors
on warfarin metabolism. Furthermore, investigations on
epigenetic modifications and emerging technologies, such
as pharmacogenomics, can provide novel insights into the
molecular mechanisms of warfarin resistance and guide
future drug development. Improving our understanding
of warfarin resistance can improve patient outcomes and
reduce the risk of adverse events associated with suboptimal
anticoagulation.

References

1. Malik J, Ishaq U, Javed N, Baig MA, Javaid M. Genetic Warfarin-
Resistance Resulting in Surgery to Change a Prosthetic Valve. Eur
J Case Rep Intern Med 2020;7:001851.

2. Osinbowale O, Al Malki M, Schade A, Bartholomew JR. An
algorithm for managing warfarin resistance. Cleve Clin J Med
2009;76:724-730.

3. Schelleman H, Bilker WB, Brensinger CM, Wan F, Yang YX,
Hennessy S. Fibrate/Statin initiation in warfarin users and
gastrointestinal bleeding risk. Am J Med 2010;123:151-157.

4.  Lopes RD, Horowitz JD, Garcia DA, Crowther MA, Hylek

JTeh Univ Heart Ctr 18 (4)

October, 2023

http://jthc.tums.ac.ir



A Case of Unexplained Warfarin Resistance: A Case Report and Literature Review

TEHRAN HEART CENTER cnm—

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

EM. Warfarin and acetaminophen interaction: a summary of the
evidence and biologic plausibility. Blood 2011;118:6269-6273.
Juurlink DN. Drug interactions with warfarin: what clinicians need
to know. CMAJ 2007;177:369-371.

Delaney JA, Opatrny L, Brophy JM, Suissa S. Drug drug
interactions between antithrombotic medications and the risk of
gastrointestinal bleeding. CMAJ 2007;177:347-351.

Tan CSS, Lee SWH. Warfarin and food, herbal or dietary
supplement interactions: A systematic review. Br J Clin Pharmacol
2021;87:352-374.

Holbrook AM, Pereira JA, Labiris R, McDonald H, Douketis JD,
Crowther M, Wells PS. Systematic overview of warfarin and its
drug and food interactions. Arch Intern Med 2005;165:1095-1106.
Cheung LK, Agi R, Hyman DJ. Warfarin resistance associated with
parenteral nutrition. Am J Med Sci 2012;343:255-258.

MacLaren R, Wachsman BA, Swift DK, Kuhl DA. Warfarin
resistance associated with intravenous lipid administration:
discussion of propofol and review of the literature. Pharmacotherapy
1997;17:1331-1337.

Penrod LE, Allen JB, Cabacungan LR. Warfarin resistance and
enteral feedings: 2 case reports and a supporting in vitro study.
Arch Phys Med Rehabil 2001;82:1270-1273.

Kaminsky LS, Zhang ZY. Human P450 metabolism of warfarin.
Pharmacol Ther 1997;73:67-74.

Daly AK, Aithal GP. Genetic regulation of warfarin metabolism
and response. Semin Vasc Med 2003;3:231-238.

Sominsky S, Korostishevsky M, Kurnik D, Aklillu E, Cohen
Y, Ken-Dror G, Loebstein R, Halkin H, Gak E. The VKORCI1
Asp36Tyr variant and VKORC] haplotype diversity in Ashkenazi
and Ethiopian populations. ] Appl Genet 2014;55:163-171.

Scott SA, Edelmann L, Kornreich R, Desnick RJ. Warfarin
pharmacogenetics: CYP2C9 and VKORCI genotypes predict
different sensitivity and resistance frequencies in the Ashkenazi
and Sephardi Jewish populations. Am J Hum Genet 2008;82:495-
500.

Kaur N, Pandey A, Shafiq N, Gupta A, Das R, Singh H, Ahluwalia
J, Malhotra S. Genetic and Nongenetic Determinants of Variable
Warfarin Dose Requirements: A Report from North India. Public
Health Genomics 2021;25:1-9.

Mostbauer H, Nishkumay O, Rokyta O, Vavryniuk V. Warfarin
resistance: possibilities to solve this problem. A case report. J Int
Med Res 2022;50:3000605221103959.

Nadkarni A, Oldham MA, Howard M, Berenbaum I. Drug-drug
interactions between warfarin and psychotropics: updated review
of the literature. Pharmacotherapy 2012;32:932-942.

Boroumand M, Goodarzynejad H. Monitoring of anticoagulant
therapy in heart disease: considerations for the current assays. J
Tehran Heart Cent 2010;5:57-68.

Sattar A, Willman JE, Kolluri R. Possible warfarin resistance due
to interaction with ascorbic acid: case report and literature review.
Am J Health Syst Pharm 2013;70:782-786.

Havrda DE, Rathbun S, Scheid D. A case report of warfarin
resistance due to azathioprine and review of the literature.
Pharmacotherapy 2001;21:355-357.

Rindone JP, Mellen CK. Warfarin resistance from primidone in
patient with essential tremor. Eur J Clin Pharmacol 2018;74:377-
378.

Nevruz O, Baysan O, Yokusoglu M. Warfarin resistance induced
by oxcarbamazepine. Anadolu Kardiyol Derg 2009;9:358-359.
Harrington DJ, Gorska R, Wheeler R, Davidson S, Murden S,
Morse C, Shearer MJ, Mumford AD. Pharmacodynamic resistance
to warfarin is associated with nucleotide substitutions in VKORCI.
J Thromb Haemost 2008;6:1663-1670.

Favaloro EJ, Lippi G, Koutts J. Laboratory testing of anticoagulants:
the present and the future. Pathology 2011;43:682-692.

Vahanian A, Beyersdorf F, Praz F, Milojevic M, Baldus S,
Bauersachs J, Capodanno D, Conradi L, De Bonis M, De Paulis
R, Delgado V, Freemantle N, Gilard M, Haugaa KH, Jeppsson
A, Juni P, Pierard L, Prendergast BD, Sadaba JR, Tribouilloy C,

217.

28.

29.

30.

31.

32.

Wojakowski W; ESC/EACTS Scientific Document Group. 2021
ESC/EACTS Guidelines for the management of valvular heart
disease. Eur Heart J 2022;43:561-632.

Samiei N, Kashfi F, Khamoushi A, Hosseini S, Alizadeh Ghavidel
A, Taheripanah R, Mirmesdagh Y. Pregnancy outcome after
mechanical mitral valve replacement: a prospective study. J Tehran
Heart Cent 2012;7:117-120.

Eikelboom JW, Connolly SJ, Brueckmann M, Granger CB,
Kappetein AP, Mack MJ, Blatchford J, Devenny K, Friedman J,
Guiver K, Harper R, Khder Y, Lobmeyer MT, Maas H, Voigt JU,
Simoons ML, Van de Werf F; RE-ALIGN Investigators. Dabigatran
versus warfarin in patients with mechanical heart valves. N Engl J
Med 2013;369:1206-1214.

Verhoef TI, Redekop WK, Daly AK, van Schie RM, de Boer A,
Maitland-van der Zee AH. Pharmacogenetic-guided dosing of
coumarin anticoagulants: algorithms for warfarin, acenocoumarol
and phenprocoumon. Br J Clin Pharmacol 2014;77:626-641.
Limdi NA, Veenstra DL. Warfarin pharmacogenetics.
Pharmacotherapy 2008;28:1084-1097.

Huang SW, Chen HS, Wang XQ, Huang L, Xu DL, Hu XJ, Huang
ZH, He Y, Chen KM, Xiang DK, Zou XM, Li Q, Ma LQ, Wang
HF, Chen BL, Li L, Jia YK, Xu XM. Validation of VKORC1 and
CYP2C9 genotypes on interindividual warfarin maintenance dose:
a prospective study in Chinese patients. Pharmacogenet Genomics
2009;19:226-234.

Johnson JA, Caudle KE, Gong L, Whirl-Carrillo M, Stein CM,
Scott SA, Lee MT, Gage BF, Kimmel SE, Perera MA, Anderson
JL, Pirmohamed M, Klein TE, Limdi NA, Cavallari LH, Wadelius
M. Clinical Pharmacogenetics Implementation Consortium (CPIC)
Guideline for Pharmacogenetics-Guided Warfarin Dosing: 2017

Update. Clin Pharmacol Ther 2017;102:397-404.

JTeh Univ Heart Ctr 18 (4)

October, 2023

The Journal of Tehran University Heart Center 307

http://jthc.tums.ac.ir



