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ABSTRACT

Introduction: Anticoagulants are one of the most commonly used medications to
prevent and treat thromboembolic disorders. However, they have a narrow
therapeutic index, which makes them very prone to clinically important drug, food,
and disease interactions. The result can be a loss of efficacy and thrombotic events
or an increased anticoagulant effect with major bleeding. Methods: This review aims
to outline current evidence related to anticoagulant interaction profiles from
pharmacological, clinical, and guideline-based data. Mechanistic data on vitamin K
antagonists, heparins, direct oral anticoagulants, and factor Xla inhibitors were
reviewed, along with documented drug-drug, drug-food, and drug-disease
interactions. Risk reduction strategies, including laboratory monitoring, medication
reconciliation, renal/hepatic assessment, patient counseling, and multidisciplinary
interventions, were assessed. Results: Vitamin K antagonists, especially warfarin,
have extensive pharmacokinetic and pharmacodynamic drug interactions related to
CYP450 enzymes, P-glycoprotein modulation, and dietary vitamin K. Heparins have
fewer metabolic drug interactions but have a significant additive bleeding risk when
used concurrently with antiplatelets, fibrinolytics, or NSAIDs. Food factors that may
alter anticoagulant response include vitamin K-rich vegetables, herbal supplements,
and excessive alcohol intake. Comorbidities that further modify anticoagulant safety
and efficacy include hepatic and renal impairment, bleeding disorders,
thrombocytopenia, and recent surgery. Optimal management includes individualized
monitoring; INR, aPTT, and/or anti-Xa or drug levels; structured medication review
and organ function assessment; patient education; and multidisciplinary
involvement. Conclusion: Anticoagulant interactions significantly affect therapeutic
outcomes and patient safety. Clinicians can optimize anticoagulant therapy and
minimize bleeding or thrombotic complications in diverse clinical settings by
integrating vigilant monitoring, systematic reconciliation, patient-centered
counseling, and collaborative care.

1 INTRODUCTION

Anticoagulants are among the most prescribed

Anticoagulants are pharmacological agents that prevent or
delay blood clot formation by blocking one or more steps
in the coagulation process. They play an important role in
the management and prevention of various
thromboembolic events such as deep vein thrombosis,
stroke, pulmonary embolism and heart attack [1-4]. Given
their widespread clinical use and narrow therapeutic
index, understanding anticoagulant pharmacology and
potential interactions is crucial to optimizing both safety
and efficacy.
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medications globally, and their use has demonstrated a
sharp increase over the last decade, highlighting their
increasing clinical importance and the need for careful
management of drug-drug interactions. In the United
States, the use of DOACs in patients having atrial
fibrillation increased from 4.7% in 2011 to 47.9% in 2020,
whereas warfarin use decreased from 52.4% to 17.7%
during the same time. Similar upward trends have been
reported globally; for example, DOAC prescriptions in the
United Kingdom increased from 9% of all anticoagulant
prescriptions in 2014 to 74% in 2019, though some
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regional variations persist [5-7]. This shift toward DOACs-
especially in the elderly, polypharmacy-prone
populations-emphasizes an urgent need to understand
and mitigate clinically significant anticoagulant
interactions. This review, therefore, focuses on the
mechanisms, clinical relevance, and prevention strategies
of anticoagulant drug interactions.

1.1 Classification of Anticoagulants
Anticoagulants are broadly classified based on their route
of administration into oral and parenteral agents:

Figure 1
Classification of anticoagulants based on route of
administration [15]
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1.2 Importance of Anticoagulants

Anticoagulants prevent clot formation and embolic
complications across venous and arterial disorders, are
central in AF, VTE, and some coronary settings, and include
parenteral agents, VKAs, and direct oral agents with
distinct mechanisms, clear outcome benefits, and
important bleeding and monitoring trade-offs [8,9].
Anticoagulants reduce the chance of thrombus formation
and embolic propagation; therefore, are useful in the
prevention of systemic embolism, stroke, and pulmonary
embolism. They are cornerstone therapies to reduce
arterial thromboembolism (notably in atrial fibrillation)
and venous thromboembolism (VTE) outcomes in
cardiovascular practice [10,11]. They are also used in
acute coronary syndrome [12,17], Prosthetic valves and
rheumatic disease [13], and ischemic stroke [17].

1.3 Relevance of drug interactions to safety and
efficacy

Drug interactions are the greatest determinant of the
safety and efficacy of pharmacotherapy. Interaction in case
of anticoagulants with other drugs, foods, or patient
conditions is especially important since these medications
have a narrow therapeutic index; therefore, a minor
change in plasma concentration can cause under-
anticoagulation or over-anticoagulation [14]. In clinical
practice, many patients on anticoagulants have
polypharmacy (for example, in atrial fibrillation, venous
thromboembolism, or coronary disease) and thus are
more susceptible of drug-drug interactions [15,17]. From
the efficacy side, a drug interaction that reduces
anticoagulant effect may lead to thromboembolic events
(stroke, DVT/PE, prosthetic valve thrombosis) despite
treatment. From the safety side, a drug interaction that
increases anticoagulant effect (or adds bleeding risk via
another mechanism) may result in major bleeding
(intracranial, gastrointestinal, etc.) [16,17].

1.4 Scope and Aims of the Review

The objective of this review is to evaluate thoroughly the
drug interactions of anticoagulants, which are critical
because of their narrow therapeutic window and
widespread utilization in treating patients with a variety
of thromboembolic disorders. Minor pharmacologic
interactions can create a significant imbalance between
thrombosis and hemorrhage by altering the narrow
margin between the two states; therefore, identifying and
managing such interactions is essential to ensure both
effectiveness and patient safety. The mechanisms of
interaction of anticoagulants (pharmacokinetics,
pharmacodynamics, and disease-specific) will be
discussed within each class of drugs (vitamin K
antagonists, heparins, and direct oral anticoagulants). The
impact of food intake, comorbid conditions, and other
concomitantly  prescribed medications on the
anticoagulant response will also be emphasized. Practical
methods to minimize undesirable effects from drug
interactions, specifically, therapeutic drug monitoring,
medication reconciliation, educating patients regarding
their medications, and coordinating care among multiple
health professionals, will be discussed. In general, the
purpose of the review is to emphasize the clinical
importance of understanding the above-mentioned drug
interactions and to present a methodically constructed
framework to identify, detect, and manage such
interactions in order to prevent undesirable
consequences.

2 Pharmacological Basis of Interactions

2.1 General Mechanism of Action

Anticoagulants work by interfering with the coagulation
cascade, which is responsible for the formation of fibrin
clots.

Vitamin K Antagonists: including Warfarin and
acenocoumarol, inhibit the synthesis of vitamin K-
dependent factors [16,19,20,22].

Indirect thrombin inhibitors: including unfractionated
heparin (UFH), LMWH, potentiate antithrombin III,
inhibiting Ila and Xa [20].

Direct Oral Anticoagulants: including Factor Xa
inhibitors (Rivaroxaban, Apixaban and Fondaparinux)
and Direct thrombin inhibitors (Bivalirudin, Argatroban
and Dabigatran) [20].

Factor XIa Inhibitor: including Asundexian inhibits factor
Xla, reducing thrombin generation [29,30,32].

Figure 2
coagulation cascade overview and primary site(s) of action
of anticoagulants [24]
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Vitamin K Antagonists
Vitamin K  antagonists
acenocoumarol.

include warfarin and

Warfarin

Warfarin works by inhibits the vitamin K epoxide
reductase complex, thereby reducing the synthesis of
clotting factors 1II, VII, IX, and X. It also inhibits
anticoagulant proteins C and S [16,19,20,24].

Figure 3
Mechanism of action of Vitamin K antagonist (Warfarin)
[21]
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Warfarin is indicated for:

e Treatment and prophylaxis of pulmonary embolism
and venous thrombosis.

e Treatment and prophylaxis of various embolic
complications associated with cardiac valve
replacement or atrial fibrillation.

e Lowers the risk of death, recurrent myocardial
infarction, and post-MI stroke or systemic embolism
[19].

Metabolism and Excretion

Warfarin is extensively metabolized by the Hepatic
system. CYP 450 system is involved in its metabolism,
particularly CYP isoenzymes (1A2, 2C8, 2C9, 2C19, 3A4
and 2C18). Inactive metabolites are excreted by renal
excretion. It is a substrate as well as an inhibitor of hepatic

P-gp [19].

Indirect Thrombin Inhibitors
Including Unfractionated Heparin (UFH), LMWH.

Heparin

Unfractionated heparin inhibits both thrombin and factor
Xa. Thrombin binding requires high-molecular-weight
heparin, while low-molecular-weight heparin (LMWH)
mainly enhances antithrombin’s inactivation of factor Xa
[20,23].

Figure 4
Inactivation of coagulation factors by heparin. (a)
Unfractionated heparin (UFH)
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(b) Low molecular weight heparin (LMWH) [20]

Heparin is Indicated for
e prevention and management of venous thrombosis,
e treatment of thromboembolic disorders,
e management of disseminated intravascular
coagulation (DIC), and
e prevention of clot formation during artificial
dialysis and extracorporeal circulation [20,23].

Metabolism and Excretion

Eliminated primarily by the reticuloendothelial system. A
small fraction is excreted in urine. It is not metabolized by
CYP450 or its isoenzymes. Heparin undergoes biphasic
elimination - an initial rapid, saturable, zero-order phase
via endothelial and macrophage binding - followed by a
slow first-order phase. Accordingly, its half-life is dose-
dependent, between 0.5-2 hours. In elderly patients,
reduced clearance leads to higher plasma levels and
prolongation of aPTT [19,23].

Direct Oral Anticoagulants
including Rivaroxaban, apixaban, edoxaban, dabigatran

Rivaroxaban

They exert dose-dependent inhibition of factor Xa, the first
enzyme in the common pathway. Rivaroxaban directly
binds to the active site of factor Xa, blocking both free and
clot-bound forms and suppressing prothrombinase
activity [24,25].
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Figure 5
Mechanism of action of direct oral anticoagulant
(Rivaroxaban) [24]
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Rivaroxaban is indicated for:

e Preventing blood clots in patients who are
undergoing surgery for the replacement of a knee or
a hip.

e Lowering chances of DVT recurrence.

e Preventing Strokes in Patients with arrhythmias.

e treatment of acute VTE and prevention of its
recurrence.

e Jlowering the ongoing
thromboembolic events and

e secondary prevention in patients with acute
coronary syndrome or peripheral arterial disease
[19,25].
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Metabolism and excretion

Hepatic metabolism of the drug occurs via oxidative
pathways primarily involving CYP3A4/5 and CYP2]2.
Excretion occurs predominantly through the urine (66%)
and to a lesser extent via the feces (28%). Substrate of P-
gp and Substrate of ABCG2 (BCRP) [19,25].

Dabigatran

Dabigatran etexilate is a prodrug, and it is converted into
its active moiety, dabigatran, in the body. It is a direct
inhibitor of thrombin [24,26,27].

Figure 6
Mechanism of action of dabigatran [26]
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Dabigatran is indicated for:

e Prevention of systemic embolism or stroke in
patients with NVAF.

e Treatment of PE and DVT in patients that are being
treated with a parenteral anticoagulant.

e Reduces the risk of recurrent PE and DVT.

e Prophylaxis of PE and DVT in patients who have
with a history of hip replacement surgery [19,28].

Metabolism and excretion:

Hepatic metabolism up to 20% by glucuronidation (phase
II). Renal excretion is 80% excreted in unchanged form.
Biliary excretion is approximately 20%. Not metabolized
by CYP enzymes. Substrate of P-gp [19,24].

Factor XIa Inhibitor

Asundexian

It is a direct, oral, and reversible inhibitor of activated
factor XI (FXIa) [29-32].

Figure 7
Mechanism of action of Asundexian [32]
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Asundexian is Indicated for
e stroke prevention of atrial fibrillation,
e Acute coronary syndrome and
e venous thromboembolism [31].

Metabolism and Excretion

It is predominantly excreted via feces and, to a lesser
extent, excreted in the urine either as a product of amide
hydrolysis or as an unchanged drug. It is a P-gp substrate.
Mainly metabolized by carboxylesterase-1 and, to a lesser
extent, via CYP3A4 [31].

2.2 Interaction of Anticoagulants

Anticoagulants are a class of drugs most prone to clinically
significant interactions. Warfarin alone has more than 200
identified drug interactions, though the strength of
evidence varies across sources. Many such interactions
result from altered metabolism via cytochrome P450
enzymes, displacement from plasma protein binding sites,
or interference with vitamin K-containing foods. Heparins,
on the other hand, are less susceptible to metabolic
interactions but may exhibit additive pharmacodynamic
effects when combined with other agents that affect
hemostasis, such as antiplatelets or NSAIDs. Direct oral
anticoagulants, designed to minimize variability, are also
vulnerable to modulators of P-glycoprotein and CYP3A4.
These interactions can result in either diminished
anticoagulant efficacy, increased thrombotic risk, or
excessive anticoagulant effect, predisposing to major
bleeding. Knowledge of the interactions of these drugs is
therefore critical for optimizing safety and efficacy in
anticoagulant therapy [19,24,39].
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Table 1
Drug-Drug Interactions of Anticoagulants
Class Drug Interaction Remarks References
Vitamin K Warfarin Antimicrobials, fibrinolytics, other When warfarin is given with any of [16,24].
antagonists anticoagulants, antiarrhythmic drugs, these drugs, dose adjustment and
nonsteroidal anti-inflammatory agents, close monitoring is required.
and antiplatelet medications.
Can potentiate warfarin action: Try to avoid using them together. If [19,24,39]
Felodipine, citalopram, ciprofloxacin, they must be given at the same time,
zileuton, miconazole, losartan, check the INR more often and adjust
trichloroacetic acid (from chloral the warfarin dose accordingly.
hydrate), amlodipine, clofibrate,
sertraline, erythromycin, ibuprofen,
propranolol, cotrimoxazole,
metronidazole, quinidine, piroxicam,
omeprazole, voriconazole, fluconazole,
isoniazid, diltiazem, phenylbutazone,
fenofibrate, cimetidine, amiodarone,
propafenone, anabolic steroids, valsartan,
entacapone, sulfinpyrazone.
Can cause Inhibition of Warfarin Try to avoid using them together. If [19,24,39]
action: they must be given at the same time,
Ribavirin, phenobarbital, griseofulvin, check the INR more often and adjust
carbamazepine, sucralfate, the warfarin dose accordingly.
mercaptopurine, mesalamine,
cholestyramine, rifampin, nafcillin,
barbiturates
Vitamin K Acenocoumarol Itraconazole, metronidazole and co- increases the risk of over- [33]
antagonists trimoxazol. anticoagulation
Aminoglutethimide Concurrent use causes a decline in [34]
hypoprothrombinemic effect. Hepatic
microsomal enzymes are being
induced by aminoglutethimide which
reults in enhanced metabolism of oral
anticoagulants
Antithyroid Agents Effects of oral anticoagulants is [34]
decreased due to becreased
metabolism of clotting factors.
Fluconazole, Concomitant use can increase the risk [34]
Aspirin, Lepirudin, of bleeding.
Low Molecular Weight Heparins,
Anticoagulants, Piroxicam, Salicylates,
Tamoxifen,
Thrombolytic Agents, Treprostinil,
Amiodarone, Voriconazole, Zotepine,
Flurbiprofen, Fenofibrate, Clarithromycin,
NSAIDs
Tricyclic Antidepressants Increases the bioavailability of [34]
acenocoumarol
Indirect Heparin Thrombolytics Concurrent administration of [23]
thrombin (Unfractionated thrombolytics increases the risk of
inhibitors heparin) bleeding
Platelet inhibitors: Concomitant use can cause bleeding [23]
Oral anticoagulants Should be used with caution in [23]
pateints taking oral anticoagulants
digoxin, tetracyclines, and nitroglycerin Possibility of intraction (can reduce [23]
anticoagulant effect of heoarin)
ACE inhibitors and ARBs Co-administration can cause [24]
hyperkalemic effect
Nitroglycerin Serum concentrations of heparin can [24]
be decreased by concomitant use.
Omega-3 fatty acids and NSAIDs coadministration with heparin causes [24]
enhanced anti-coagulant effect.
progestin and estrogen Anticoagulant action can be [24]
diminished when using Concomitantly
with heparin.
Indirect Enoxaparin NSAIDs, other anticoagulants and platelet  increasing the risk of developing [35]
thrombin (LMWH) inhibitors. epidural or spinal hematomas
inhibitors
Indirect Dalteparin platelet aggregation inhibitors, Concomitant administration increases [36]
thrombin (LMWH) thrombolytic drugs and oral the risk of bleeding
inhibitors anticoagulants
Direct Oral Fondaparinux Aspirin, other anticoagulants, Warfarin, increases the risk of bleeding. [37]
Anticoagulants (Factor Xa inhibitors) Heparin, other NSAIDs.
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Direct oral Apixaban Can be affected by drugs that induce or Avoid concomitant use [17].
Anticoagulants (Factor Xa inhibitors) inhibit the activity of cytochrome P450
enzymes
Affected by drugs that modify cytochrome  Avoid concomitant use [17].
P450 enzyme function
Rivaroxaban, Affected by drugs that modify cytochrome  Avoid concomitant use [17].
(Factor Xa inhibitors) P450 enzyme function
Breast cancer resistance protein Bcrp Inhibitors of rivaroxaban [25]
(ABCGZ2) inhibitors, CYP3A inhibitors, P-
glycoprotein inhibitors.
Other anticoagulants, including: apixaban, = Concomitant use should be avoided [25]
unfractionated heparin, dabigatran,
fondaparinux, warfarin, low molecular
weight heparins (e.g., enoxaparin).
Amiodarone Combination of Rivaroxaban and [38]
Amiodarone Increases Bleeding
Direct Oral Dabigatran Inducers of P-gp (eg, rifampin) Avoid concomitant use [19,24]
Anticoagulants (Direct thrombin
inhibitors)
Inhibitors of P-gp (eg, ketoconazole and Avoid concomitant use [19,24]
dronedarone)
Dronedarone Dronedarone should not be used [24]
concomitantly with dabigatran
because it augments the levels of the
dabigatran up to 2-fold
antacids and proton pump inhibitors Concomitant use decreases drug [24]
absorption
Rifampicin, ketoconazole, and quinidine. Concomitant use with dabigatran [24]
decreases its bioavailability
anticoagulant or antiplatelet Avoid concomitant use [24]
clopidogrel When clopidogrel is administration [24]
with dabigatran it can cause and
increasein Cmax and AUC of
dabigatran to 40% and 30%
respectively.
Table 2
Drug Food Interactions of Anticoagulants
Class Drug Interaction Remark References
Vitamin K Antagonists Warfarin Vitamin K-containing foods Vitamin K reduces warfarin’s  [16,24].
effectiveness in the body
Examples of vitamin K-rich foods are
kale, spinach, Brussels sprouts, and
green tea leaves.

Alcohol and Grapefruit juice bleeding complications can occur due to  [16,24]
enhanced warfarin action.

Green Tea contains a minimal amount of vitamin K.~ [24]
Interaction is dose-dependent. High does
reduce PT-INR

Chamomile inhibitory effect mainly on CYP1A2, and [24]
slightly on CYP3A4 and CYP2C9

Soybeans inhibit CYP3A4 and CYP2C9, which can [24]
reduce action of warfarin.

Mango They are rich in retinol, which inhibits  [24]
CYP2C19. Even small amounts of mango
can raise PT-INR.

St. John’s wort Induces 2C9, 3A4 and CYP1A2, which [23]
causes increase in the clearance and
decrease in the plasma concentration of
warfarin.

Green leafy vegetables Causes a decrease in PT-INR [23]

Ginseng The Active component of ginseng is [23]
Ginsenosides, it act inhibits CYP1A2,
thromboxane formation and platelet
aggregation.

Vitamin K antagonists Acenocoumarol Foods containing Vitamin K Effect of oral anticoagulants can be [34]
antagonized by Foods rich in vitamin K.

Garlic when taken orally, it can inhibit platelet  [34]
aggregation.
antiplatelet effect of garlic, along with an
anticoagulant, increases the risk for
bleeding complications

Indirect thrombin Heparin Vitamin K-rich food decreased action of heparin [24]
inhibitors (Unfractionated
heparin)

soy foods affecting heparin efficacy [24]

Page | 91
IJBR Vol.3 Issue.11 2025 Copyright © 2025. 1JBR Published by Indus Publishers

This work is licensed under a Creative Commons Attribution 4.0 International License.



Drug Interactions of Anticoagulants:...

Hassan, A. et al,,

Ginseng, garlic, onion, When combined with heparinit can [24]

cannabis, green tea, and increase the risk of bleeding.

ginger.

Indirect thrombin Enoxaparin pork Contraindicated [71]

inhibitors (LMWH)

Direct Oral Dabigatran St. John’s wort Potent inducer of P-glycoprotein and [24]

Anticoagulants (Direct thrombin CYP3A4, it is anticipated to decrease the
inhibitors) plasma concentrations of dabigatran

Garlic antiplatelet properties of garlic can [24]
increase the risk.

Echinacea flavonoids By inhibiting P-gp activity, it may [24]
increase the concentration of factor Xa
inhibitors in the plasma.

Table 3
Drug-Disease interactions of Anticoagulants
Drug Interaction Remarks/management Reference
Vitamin K  Warfarin HIT Warfarin is contraindicated in HIT [66]
Antagonists
Renal impairment Warfarin may accumulate in the body due to decreased [16]
renal function.
Significant hemorrhage risk Warfarin should not be used in patients who have active  [16]
gastrointestinal ulcers, bleeding in the respiratory or
urinary tracts, bleeding in the central nervous system, a
dissecting aortic aneurysm, or those undergoing
epidural or spinal punctures.
Recent surgery resulted in Warfarin is contraindicated. [16]
large open surfaces of the
eye, central nervous system,
or traumatic surgery.
Bleeding linked with  Warfarin is contraindicated. [16]
pericardial effusion, bacterial
endocarditis or pericarditis.
Major regional or lumbar Warfarin is contraindicated. [16]
block anesthesia
Malignant hypertension Warfarin is contraindicated. [16]
Vitamin K  Acenocoumarol deficiency of ascorbic acid Contraindicated [34]
Antagonists
bacterial endocarditis Contraindicated [34]
blood dyscrasias or other Contraindicated [34]
disorders of the blood having
an  elevated risk  of
hemorrhage
cerebral aneurysm or Contraindicated [34]
cerebrovascular hemorrhage
Situations where fibrinolytic ~ Contraindicated [34]
activity is high, such as after
lung, prostate, or uterine
surgery
Aortic dissection. Contraindicated [34]
A known hypersensitivity Contraindicated [34]
reaction to acenocoumarol or
other drugs in the coumarin
class
Severe hypertension Contraindicated [34]
Extensive surgical Contraindicated [34]
procedures or  regional
anesthesia blocks
Indirect thrombin  Heparin Heparin-Induced If heparin-induced thrombocytopenia occurs, start a [23,41-
inhibitors (Unfractionated Thrombocytopenia non-heparin anticoagulant therapy. 44,47]
heparin)
Bleeding disorders Heparin is contraindicated in bleeding disorders. [23,45-47]
Heparin itself can also cause bleeding, which depends
upon several factors such as gender, state of illness, and
drug therapy, particularly aspirin.
Hypersensitivity It is contraindicated in patients having hypersensitivity = [23,47]
to heparin
vaccine-induced immune For patients presenting with cerebral venous [48,49]
thrombotic thrombosis and low platelet counts, if vaccine-induced
thrombocytopenia (VITT) immune thrombotic thrombocytopenia is suspected or
confirmed, heparin should not be used; instead, non-
heparin anticoagulants are recommended.
hereditary antithrombin III  To reduce the risk of bleeding, heparin dosage should be  [23]
deficiency adjusted
Indirect thrombin  Enoxaparin Renal insufficiency Dose adjustment is required in patients with renal [35,50-52]
inhibitors (LMWH) impairment.
Page | 92

IJBR Vol.3 Issue. 11 2025

@) Copyright © 2025. IJBR Published by Indus Publishers
B This work is licensed under a Creative Commons Attribution 4.0 International License.



Hassan, A. et al,,

Drug Interactions of Anticoagulants:...

acute coronary syndrome In acute coronary syndrome, enoxaparin use warrants [53]
close monitoring in patients 265 years, with prior
bleeding events, or with a history of oral anticoagulant
therapy, due to elevated bleeding risk.

Active bleeding Active bleeding within 48-72 hours [35,56]

Hypersensitivity contraindicated [35,56,71]

Recent head trauma Contraindicated [56]

Multiple traumas with high  Contraindicated [56]

bleeding risk

Low platelet count Contraindicated [56]

Neonates with a previous Contraindicated [35,71]

hypersensitivity reaction to

benzyl alcohol.

Indirect thrombin  Dalteparin bleeding disorders Contraindicated [54,56]
inhibitors (LMWH)

thrombocytopenia Contraindicated [33,54]

liver disease Contraindicated [54]

uncontrolled hypertension Contraindicated [33,54]

Patient with positive platelet = Contraindicated [54]

aggregation test with

Dalteparin

Diabetic retinopathy contraindicated [54]

Cancer Patients with cancer undergoing regional anaesthesia [55]

Severe renal impairment It is contraindicated in trauma patient with severe renal  [56]
impairment

existing hemorrhagic contraindicated [36]

conditions

hemorrhagic or ischemic contraindicated [36]

stoke

hypersensitivity contraindicated [36]

Indirect thrombin  Nadroparin Renal impairment Dose adjustment is required [57]
inhibitors (LMWH)

thrombocytopenia [58]

Direct Oral Fondaparinux Renal insufficiency contraindicated in those patients with severe renal [37,59-65]
Anticoagulants (Factor Xa impairment (CrCl <30 mL/min)
inhibitors)

active major bleeding contraindicated [37]

bacterial endocarditis Contraindicated [37]

Fondaparinux-related Contraindicated [37]

thrombocytopenia

hypersensitivity to contraindicated [37]

fondaparinux

Betrixaban hypersensitivity Avoid [68]
(Factor Xa
inhibitors)

Renal impairment For patients with renal impairment, dose adjustment of  [68]
direct factor Xa inhibitors should be considered when
creatinine clearance is below 30 mL/min, and these
drugs should be avoided if creatinine clearance falls
under 15 mL/min

hepatic impaired Dose adjustment is required [68]

Rivaroxaban hepatic impairment Not recommended in patients with liver disease [25,68,69]
(Factor Xa (including those classified as Child-Pugh B or C), having
inhibitors) coagulopathy and an increased risk of clinically

significant bleeding

Renal impairment Avoid patients with CrCl < 30 mL/min [61,68,70]

Allery Severe hypersensitivity to rivaroxaban [25]

Active pathological bleeding  Contraindicated [25]

Antiphospholipid syndrome not recommended in patients having triple-positive [25]
antiphospholipid syndrome

Atrial fibrillation with end- Rivaroxaban is not recommended [25]

stage CKD

Valvular disease Avoid in patients having mechanical valve or those with  [25]
moderate to severe mitral stenosis. It is also not
recommended in patients with prosthetic heart valves or
rheumatic heart disease.

Congenital or acquired Contraindicated [25]

bleeding disorders

Uncontrolled, severe arterial Contraindicated [25]

hypertension

Active ulcerative GI disease Contraindicated [25]

vascular retinopathy Contraindicated [25]

bronchiectasis Contraindicated [25]

Apixaban hepatic impairment Because apixaban is metabolized hepatically, it is [61,68,69]
(Factor Xa contraindicated in patients having significant hepatic
inhibitors) disease.
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Renal impairment

Edoxaban Renal impairment
(Factor Xa
inhibitors)

hepatic impairment
Dabigatran Renal impairment
(Direct thrombin
inhibitor)

Hepatic impairment

Others Hirudin-based Renal impairment
thrombin
inhibitors
Lepirudin Renal Impairment
Argatroban hepatic dysfunction

Should be avoided in patients with a creatinine clearance  [61,68,70]
below 25 mL/min or serum creatinine exceeding 2.5

mg/dL.

Should not be used in patients whose creatinine [61,68,70]
clearance is less than 15 mL/min

Should not be used in hepatic impairment [68,61]
Since dabigatran is primarily eliminated by the kidneys, [61,68,69

it should not be used in patients with a creatinine ,70]
clearance below 30 mL/min.

Avoid in patients with hepatic impairment [61]
Hirudin dosage should be lowered in patients with a  [63]
creatinine clearance below 60 mL/min, and the drug
should not be used in individuals with renal failure.

Lepirudin should be administered cautiously at a [66]
reduced dose in patients with serum creatinine levels

above 1.6 mg/dL (141.4 umol/L), and it should not be

used in individuals undergoing hemodialysis or with

acute renal failure.

Should be avoided or used with adjusted dose [67]

3 Clinical Implications and Strategies to Prevent and
Manage Interactions

3.1 Monitoring

Monitoring involves choosing the right test for the right
drug and using it to detect any clinically important
interactions.

International Normalized Ratio (INR): It is considered
to be a standard test for monitoring effects of VKAs like
warfarin because these agents work by decreasing vitamin
K-dependent clotting factors (II, VII, IX and X) [14, 72].
After starting warfarin treatment, frequent INR checks
(every 3-5 days) are performed until stable, and the same
is the case when there is any concomitant drug or food
variation, considering the high interaction potential of
warfarin. The monitoring interval can be extended (up to
12 weeks) if the INRs are stable over months, if there are
no new interacting medications or dietary changes.
Clinically, too high INRs mean risk of major bleeding, and
too low reflects potential thrombosis; therefore, any
considerable fluctuations should trigger a review of diet
and possible interactions [72, 73]. VKA (warfarin)
associated drug interactions can be screened and managed
by clinicians using the simple algorithmic depiction given
below.

Figure 8

Ensure concomitant AP/NSAID |

Initiate

Initiate
VKA at<
Smg/day

Yes

An approach for handling warfarin-related drug-drug
interactions both during the initiation phase and when
introducing a new interacting medication to patients
already receiving long-term  warfarin  therapy.
Abbreviations: AP, antiplatelet; CYP, cytochrome P450;
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DDI, drug-drug interaction; INR, international normalized
ratio; NSAID, nonsteroidal anti-inflammatory drug; VKA,
vitamin K antagonist [14].

Activated Partial Thromboplastin Time (aPTT) for
Unfractionated Heparin (UFH): It is another useful
procedure, as it reflects coagulation pathways affected by
heparin (via antithrombin Ill-mediated inhibition of Ila
and Xa). Altered aPTT may reflect changed heparin effects
due to dose adjustments, binding variations, age,
renal/hepatic dysfunction, or concurrent drugs that affect
hemostasis. Frequent aPTT monitoring is necessary in
patients taking UFH who may start or stop using another
drug (antiplatelet or a fibrinolytic) to detect possible
bleeding risks. Obesity or altered binding/clearance states
can result in variation of aPTT results [74,75].

Anti-Xa / Drug-specific level monitoring for Low
Molecular Weight Heparin (LMWH) & Dabigatran /
Rivaroxaban / Apixaban (DOACSs): Anti-Xa monitoring
for patients on LMWH or DOACs is not required as
frequently as INR for VKAs. However, conditions like
potential drug interactions, bleeding, or thrombosis on
therapy necessitate careful monitoring. In the context of
DOAC s, anti-Xa assays have to be performed for specific
drugs (rivaroxaban or apixaban) because the heparin-
calibrated assay standards can misrepresent DOAC levels,
resulting in misinterpretation. Situations like major
bleeding or urgent surgery necessitate knowledge of DOAC
levels or anti-Xa activity to help make reversal or delay
decisions. If a patient on a DOAC starts an unmonitored
and strong inhibitor of P-gp/CYP3A4 (e.g., ketoconazole),
they may develop high anticoagulant levels leading to
bleeding risk; conversely, a strong inducer may lower
levels and increase thrombotic risk. Monitoring these
high-risk situations helps in detection [14, 74, 76, 77].

3.2 Careful medication reconciliation at initiation and
follow-up

Polypharmacy continues to be among the leading causes of
clinically important anticoagulant interactions, especially
in elderly patients having atrial fibrillation and venous
thromboembolism (AF/VTE) who take multiple
interacting medications. Unintentional co-prescription of
inhibitors/inducers and anticoagulants/antiplatelets
overlapping can be prevented by systematic reconciliation
at admission, discharge, and clinical visits of the patient
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[14,79]. Before dose or medication alterations, using a
standardized checklist (including prescription drugs, OTC,
herbal supplements, and topical agents) and consultation
with up-to-date drug interaction resources, as well as
flagging risky combinations or those requiring intensive
monitoring (e.g., strong CYP3A4 + P-gp inhibitors with
apixaban/rivaroxaban; rifampicin or carbamazepine with
DOACS), certain complications can be avoided [78].

3.3 Routine renal and hepatic function monitoring
DOACs, especially dabigatran, are cleared renally.
Creatinine clearance should be assessed before initiation
and dose adjustments or avoidance may be needed at
established criteria [76, 80]. Agents that are metabolized
by the liver, for example, CYP3A4 substrates such as
rivaroxaban/apixaban, require thorough assessment of
hepatic impairment, as severe hepatic disease is often a
contraindication [81]. Complications can be avoided by
establishing monitoring intervals, e.g., 1-3 months after
initiation/change, then at least annually or more
frequently if unstable renal/hepatic disease or when
interacting drugs are added.

3.4 Patient education

Patient counselling can be very beneficial in avoiding
common preventable interactions. They should be advised
to keep their dietary vitamin K consistent (if on VKAs),
avoid starting or stopping any herbal products or OTC
NSAIDs without consulting their physician, limit alcohol
consumption, and inform their physician of any
prescription alterations from other providers or
pharmacies [82]. They can be provided with written
counselling, an easy-to-understand anticoagulant card,
pharmacist counselling, and follow-up. They should be
advised to report in case of any associated ADRs like
bruising, melena, or a new severe headache.

3.5 Switching to alternative anticoagulants when the
risk is unacceptable

Sometimes switching to alternative anticoagulants is the
only plausible option left, especially when therapy
becomes unsafe or unmanageable due to unavoidable
interactions. In patients receiving strong enzyme inducers
(rifampicin, carbamazepine) or inhibitors (ritonavir-
boosted antiretrovirals), which are chronic interacting
drugs, the anticoagulant level is significantly altered [14,
83]. It is also appropriate in severe renal or hepatic
impairment that limits DOAC use, or when INR monitoring
for VKA is unreliable due to compliance or access issues.
Switching should follow drug-specific protocols, such as
overlapping UFH/LMWH with warfarin until INR is
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