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Abstract
Rivaroxaban is a direct oral anticoagulant that works by inhibiting factor Xa. Direct anticoagulants have
largely replaced direct vitamin K inhibitors (VKAs) due to the decreased risk of major hemorrhages and the
lack of need for regular monitoring and dose adjustments. However, there have been multiple reports of
elevated international normalized ratio (INR) and bleeding incidents in patients on rivaroxaban, which
brings into question the potential need for monitoring. We report a case of an INR of 4.8 in a rivaroxaban-
naïve patient who presented with gastrointestinal bleeding and a significant drop in hemoglobin four days
after starting rivaroxaban. We present possible pharmacologic explanations. We propose the idea that
specific subgroups of patients may be at risk for true INR elevations and may benefit from routine
monitoring of their INR while on rivaroxaban.
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Introduction
Direct vitamin K inhibitors (VKAs) and aspirin have traditionally demonstrated excellent efficacy in the
prevention of stroke and thromboembolism. However, there are many disadvantages associated with them,
including the risk of major hemorrhages and difficulty managing them due to many drug-drug and drug-food
interactions, and non-predictable pharmacokinetic profiles requiring regular monitoring and dose
adjustment [1,2]. Direct oral anticoagulant drugs (DOACs) were developed to counter the disadvantages that
are associated with direct VKAs. They have several approved indications including reducing the risk of stroke
and systemic embolism of non-valvular atrial fibrillation, treatment of recurrent deep venous thrombosis
and pulmonary embolism, and venous thromboembolism [3]. Rivaroxaban is a DOAC shown to significantly
reduce the incidence of acute limb ischemia, major amputation, myocardial infarction, ischemic stroke, or
death from cardiovascular causes in patients with peripheral vascular disease who have undergone lower-
extremity revascularization at a dose of 2.5 milligrams when combined with aspirin [4].

Prothrombin time (PT) is the most commonly used laboratory value to test for coagulation [5]. PT value can
vary between different laboratories based on the sensitivities of available thromboplastic agents to the
reduction in coagulation factors. The international normalized ratio (INR) is used instead to correct for this
variability, which makes it utilizable regardless of the reagent used. It is calculated by using the
manufacturer’s international sensitivity index (ISI), which is the ratio of the responsiveness of a particular
thromboplastic agent to the reduction of coagulation factors relative to the primary World Health
Organization (WHO) international reference preparations [6].

Direct VKAs require routine monitoring of INR due to their variable pharmacokinetic profile. The
development of DOACs, including rivaroxaban, has negated the need to do so. However, there have been
multiple reports of elevated INR while on rivaroxaban and incidents of bleeding, which raises the question of
the potential need for monitoring. We report a case of an INR of 4.8 in a patient with no liver or kidney
function abnormalities who presented with a gastrointestinal bleed and a drop of 5 g/dL in hemoglobin four
days after starting rivaroxaban.

Case Presentation
A 90-year-old Caucasian male with a past medical history of hypertension, hyperlipidemia, coronary artery
disease with percutaneous coronary intervention (PCI), peripheral artery disease with left femoral
endarterectomy, and superficial femoral artery angioplasty, right femoral to popliteal (PT)
polytetrafluoroethylene (PTFE) grafts with vein patch presented with shortness of breath four days following
an open endarterectomy of the right femoral PT bypass with stenting. The patient had been discharged on
rivaroxaban 15 milligrams twice daily (BID) and aspirin 81 milligrams once daily (QD). He had loose
burgundy stools the day before he presented.
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Laboratory values on re-admission showed a hemoglobin (Hgb) of 7.0 g/dL (reference range: 12.0-16.0 g/dL),
which was a drop from a Hgb of 13.1 g/dL on the day of his discharge four days prior, and an INR of 4.8
(reference range: 0.00-3.50). Computed tomography did not reveal any hematoma at the surgical site.
Rivaroxaban was held and he was transfused multiple units of packed red blood cells as the transfusion
cutoff for this patient was at Hgb of 8.0 g/dL. Esophagogastroduodenoscopy (EGD) and colonoscopy did not
reveal the source of bleeding. A multi-disciplinary approach was taken to decide whether rivaroxaban should
be restarted. The gastroenterology team advised that there was a high probability of rebleeding should the
medication be restarted. The patient was ultimately discharged on dual antiplatelet therapy which he had
been taking prior to the open endarterectomy procedure.

The patient had never been on a DOAC before. He did not have any hepatic or renal disease. Liver function
tests were within normal limits. Creatinine and estimated glomerular filtration rate (GFR) were within range.
His other medications included acetaminophen 650 milligrams every six hours as needed, amlodipine 5
milligrams QD, atorvastatin 80 milligrams QD, carvedilol 3.25 milligrams BID, furosemide 40 milligrams QD,
lisinopril 10 milligrams QD, metformin 500 milligrams BID, pregabalin 350 milligrams QD, fish oil 1000
milligrams BID, and a multivitamin. The patient did not ingest any grapefruit and denied taking any other
over-the-counter medications or herbal supplements.

Discussion
The literature has documented false elevated INRs on anticoagulation [7]. However, the high INR was
associated with a gastrointestinal bleed in this patient. Therefore, this is considered a true elevation, and
the etiology of that should be investigated.

Rivaroxaban has a high volume of distribution of 50 L and a prolonged half-life in older adults.

Consequently, the patient’s low body mass index of 20 kg/m2 (reference range: 18.5-24.9 kg/m2) and
advanced age could have contributed to increased levels of the drug, leading to elevated INR and risk of
bleeding. The patient’s race could also have contributed. In a study comparing rivaroxaban concentrations
between Singaporeans and Caucasians, Caucasians were found to have higher steady-state trough and peak
concentrations [8].

About one-third of rivaroxaban is hepatically cleared through oxidation by cytochrome P450 3A4 (CYP3A4),
cytochrome P450 2J2 (CYP2J2), or hydrolyzed to inactive metabolites. Although non-dihydropyridine
calcium channel blockers are known to be CYP3A4 inhibitors, dihydropyridines such as amlodipine, which
the patient was taking, were found to be only weakly inhibitory of the enzyme [9]. The patient was on aspirin.
However, aspirin therapy may decrease, not increase, the INR. Although angiotensin receptor blockers
(ARBs) may be associated with lower INRs, as previously mentioned, the patient was on lisinopril.
Angiotensin-converting enzyme inhibitors (ACEIs) were found to downregulate tissue factor synthesis,
which may inhibit coagulation. However, this has yet to be thoroughly studied [10].

The literature review did not reveal evidence that fish oil could inhibit clearance mechanisms. However, the
high volume of distribution of rivaroxaban indicates that it is relatively lipophilic. Given that fish oil can
form emulsions in the blood, and the patient was taking it BID along with rivaroxaban, it is possible that it
formed an emulsion with the drug, thus prolonging its half-life [11,12].

The patient was not taking any p-glycoprotein (p-gp) and ATP-binding cassette subfamily G member 2
(ABCG2) inhibitors. However, he could have a polymorphism in the p-gp gene or the ABCG2 gene, seen in 2-
10.5% of Caucasians, which would influence the drug’s metabolism [13,14]. The patient could also have a
polymorphism in the CYP2J2 gene, which is thought to affect about 2% of the general population [15].

Conclusions
In conclusion, we presented a case of a true elevation of INR in a rivaroxaban-naïve patient that was
associated with a drop in Hgb. This case suggests the possibility of increased drug levels or activity in
subgroups of patients without pre-existing liver or kidney function abnormalities. The next step is to
conduct studies to identify these groups of patients and understand the pharmacokinetic and
pharmacodynamic reasons influencing their response to rivaroxaban. These patients may benefit from
routinely monitoring their INR, drug level, or factor Xa activity to prevent bleeding incidents.

Additional Information
Disclosures
Human subjects: Consent was obtained or waived by all participants in this study. Conflicts of interest: In
compliance with the ICMJE uniform disclosure form, all authors declare the following: Payment/services
info: All authors have declared that no financial support was received from any organization for the
submitted work. Financial relationships: All authors have declared that they have no financial
relationships at present or within the previous three years with any organizations that might have an
interest in the submitted work. Other relationships: All authors have declared that there are no other

2023 Khidhir et al. Cureus 15(6): e40282. DOI 10.7759/cureus.40282 2 of 3

javascript:void(0)
javascript:void(0)
javascript:void(0)
javascript:void(0)
javascript:void(0)
javascript:void(0)
javascript:void(0)


relationships or activities that could appear to have influenced the submitted work.

References
1. Rivaroxaban-once daily, oral, direct factor Xa inhibition compared with vitamin K antagonism for

prevention of stroke and Embolism Trial in Atrial Fibrillation: rationale and design of the ROCKET AF
study. Am Heart J. 2010, 159:340-347.e1. 10.1016/j.ahj.2009.11.025

2. Ageno W, Gallus AS, Wittkowsky A, Crowther M, Hylek EM, Palareti G: Oral anticoagulant therapy:
antithrombotic therapy and prevention of thrombosis, 9th ed: American College of Chest Physicians
Evidence-Based Clinical Practice Guidelines. Chest. 2012, 141:e44S-88S. 10.1378/chest.11-2292

3. McCarty D, Robinson A: Factor Xa inhibitors: a novel therapeutic class for the treatment of nonvalvular
atrial fibrillation. Ther Adv Cardiovasc Dis. 2016, 10:37-49. 10.1177/1753944715605011

4. Bonaca MP, Bauersachs RM, Anand SS, et al.: Rivaroxaban in peripheral artery disease after
revascularization. N Engl J Med. 2020, 382:1994-2004. 10.1056/NEJMoa2000052

5. Dorgalaleh A, Favaloro EJ, Bahraini M, Rad F: Standardization of prothrombin time/international normalized
ratio (PT/INR). Int J Lab Hematol. 2021, 43:21-8. 10.1111/ijlh.13349

6. Ofek F, Bar Chaim S, Kronenfeld N, Ziv-Baran T, Berkovitch M: International normalized ratio is
significantly elevated with rivaroxaban and apixaban drug therapies: a retrospective study. Clin Ther. 2017,
39:1003-10. 10.1016/j.clinthera.2017.04.007

7. Delate T, Witt DM, Jones JR, Bhardwaja B, Senser M: Falsely elevated international normalized ratio values
in patients undergoing anticoagulation therapy: a descriptive evaluation. Chest. 2007, 131:816-22.
10.1378/chest.06-2200

8. Ng Tsai HO, Goh JJ, Aw JW, Lin Y, Fong AY, Tiong LL, Tan DS: Comparison of rivaroxaban concentrations
between Asians and Caucasians and their correlation with PT/INR. J Thromb Thrombolysis. 2018, 46:541-8.
10.1007/s11239-018-1726-y

9. Nishio S, Watanabe H, Kosuge K, Uchida S, Hayashi H, Ohashi K: Interaction between amlodipine and
simvastatin in patients with hypercholesterolemia and hypertension. Hypertens Res. 2005, 28:223-7.
10.1291/hypres.28.223

10. Napoleone E, Di Santo A, Camera M, Tremoli E, Lorenzet R: Angiotensin-converting enzyme inhibitors
downregulate tissue factor synthesis in monocytes. Circ Res. 2000, 86:139-43. 10.1161/01.res.86.2.139

11. Hu C, Ding H, Zhuang Q, et al.: Blood clearance kinetics and organ delivery of medium-chain triglyceride
and fish oil-containing lipid emulsions: comparing different animal species. Clin Nutr. 2021, 40:987-96.
10.1016/j.clnu.2020.07.002

12. Liu F, Liu D: Long-circulating emulsions (oil-in-water) as carriers for lipophilic drugs . Pharm Res. 1995,
12:1060-4. 10.1023/a:1016274801930

13. Ambudkar SV, Kimchi-Sarfaty C, Sauna ZE, Gottesman MM: P-glycoprotein: from genomics to mechanism.
Oncogene. 2003, 22:7468-85. 10.1038/sj.onc.1206948

14. Heyes N, Kapoor P, Kerr ID: Polymorphisms of the multidrug pump ABCG2: a systematic review of their
effect on protein expression, function, and drug pharmacokinetics. Drug Metab Dispos. 2018, 46:1886-99.
10.1124/dmd.118.083030

15. Cong S, Ma XT, Li YX, Wang JF: Structural basis for the mutation-induced dysfunction of human CYP2J2: a
computational study. J Chem Inf Model. 2013, 53:1350-7. 10.1021/ci400003p

2023 Khidhir et al. Cureus 15(6): e40282. DOI 10.7759/cureus.40282 3 of 3

https://dx.doi.org/10.1016/j.ahj.2009.11.025
https://dx.doi.org/10.1016/j.ahj.2009.11.025
https://dx.doi.org/10.1378/chest.11-2292
https://dx.doi.org/10.1378/chest.11-2292
https://dx.doi.org/10.1177/1753944715605011
https://dx.doi.org/10.1177/1753944715605011
https://dx.doi.org/10.1056/NEJMoa2000052
https://dx.doi.org/10.1056/NEJMoa2000052
https://dx.doi.org/10.1111/ijlh.13349
https://dx.doi.org/10.1111/ijlh.13349
https://dx.doi.org/10.1016/j.clinthera.2017.04.007
https://dx.doi.org/10.1016/j.clinthera.2017.04.007
https://dx.doi.org/10.1378/chest.06-2200
https://dx.doi.org/10.1378/chest.06-2200
https://dx.doi.org/10.1007/s11239-018-1726-y
https://dx.doi.org/10.1007/s11239-018-1726-y
https://dx.doi.org/10.1291/hypres.28.223
https://dx.doi.org/10.1291/hypres.28.223
https://dx.doi.org/10.1161/01.res.86.2.139
https://dx.doi.org/10.1161/01.res.86.2.139
https://dx.doi.org/10.1016/j.clnu.2020.07.002
https://dx.doi.org/10.1016/j.clnu.2020.07.002
https://dx.doi.org/10.1023/a:1016274801930
https://dx.doi.org/10.1023/a:1016274801930
https://dx.doi.org/10.1038/sj.onc.1206948
https://dx.doi.org/10.1038/sj.onc.1206948
https://dx.doi.org/10.1124/dmd.118.083030
https://dx.doi.org/10.1124/dmd.118.083030
https://dx.doi.org/10.1021/ci400003p
https://dx.doi.org/10.1021/ci400003p

	A Case of Symptomatic Supratherapeutic International Normalized Ratio on Rivaroxaban
	Abstract
	Introduction
	Case Presentation
	Discussion
	Conclusions
	Additional Information
	Disclosures

	References


