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A65-year-old man presented to hospital 
with hemoptysis, epistaxis, headache 
and syncope. His medical history 

included antiphospholipid antibody syndrome 
with recurrent deep vein thrombosis, most 
recently 10 years earlier. He also had mixed 
restrictive–obstructive lung disease, myasthenia 
gravis, autoimmune hemolytic anemia and idio-
pathic thrombocytopenic purpura. The latter two 
disorders were quiescent when he was assessed 
10 days before the current admission. His medi-
cations included pantoprazole 40 mg/d, predni-
sone 5 mg/d, rituximab 650 mg intravenously 
every three months (last dose three months pre-
viously), cotrimoxazole one double-strength tab-
let every other day (for Pneumocystis jiroveci 
prophylaxis) and tiotropium 18 µg/d. To avoid 
the inconvenience of weekly monitoring of inter-
national normalized ratio, rivaroxaban 20 mg/d 
had been started four months before the current 
admission, following 12 years of uneventful 
warfarin therapy. Three days before presenting 
to hospital, the patient self-initiated clarithromy-
cin 500 mg twice daily for progressive sore 
throat, cough and dyspnea. Clarithromycin was 
one of two antibiotics that the patient’s respirolo-
gist had maintained on file for years with the 
patient’s pharmacy for rapid treatment of pul
monary exacerbations, with the most recent pre-
scription renewal occurring before initiation of 
rivaroxaban. The patient had successfully used 
this antibiotic for exacerbations in the past, but 
the hematologist who prescribed rivaroxaban 
may not have been aware of this occasional use 
of clarithromycin. 

On physical examination, the patient’s vital 
signs were stable. The results of a cardiovascular 
examination were normal, and a respiratory exam-
ination showed mild respiratory distress and bilat-
eral wheeze. The patient was agitated and disori-
ented, but other findings from the neurologic 
examination were normal.

The results of routine laboratory studies were 

largely normal (see Appendix 1, available at 
www.​cmaj.ca/lookup/suppl/doi:10.1503/cmaj.​
150580/​-/DC1). Prothrombin time was elevated 
(16.5 [normal 11–15.5] s). Results of testing for 
antineutrophil cytoplasmic and antiglomerular 
basement membrane antibodies were negative, 
and complement levels were normal. Culture of 
sputum and blood, acid-fast bacilli staining, 
nasopharyngeal swab and urine testing for 
Legionella antigen all yielded negative results. 
Computed tomography (CT) of the thorax 
showed parenchymal opacities consistent with 
pulmonary hemorrhage (Figure 1). There were 
no pulmonary emboli. A CT head scan showed 
a 4-cm × 2.7-cm intracranial hemorrhage in the 
left frontal lobe, with bilateral frontal subarach-
noid hemorrhage (Figure 2).

Given the lengthy interval (33 h) between the 
last dose of rivaroxaban and presentation to hospi-
tal, the patient’s physicians opted not to administer 
prothrombin complex concentrate. Measurement 
of anti-factor Xa level was ordered, but the result 
was not available until day 7 of the admission. 
This anti-factor Xa level, in a sample obtained 
33 hours after the last dose of rivaroxaban, was 
elevated (537 µg/L); the normal trough level, typi-
cally measured 24 hours after drug administration, 
ranges from 8 to 150 µg/L.1,2 Clarithromycin was 
stopped, and the patient received heparin 
5000 units twice daily for venous thromboembo-
lism prophylaxis while he was in hospital. Blood 
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•	 Rivaroxaban is metabolized by the cytochrome P450 3A4 isozyme (CYP3A4) 
and is a substrate for P-glycoprotein.

•	 Strong inhibitors of CYP3A4 and P-glycoprotein (e.g., ritonavir, 
ketoconazole, itraconazole, posaconazole and clarithromycin) should 
be avoided in patients receiving rivaroxaban.

•	 Patients with severe renal failure (creatinine clearance < 30 mL/min) or 
severe hepatic failure should avoid rivaroxaban when clinically appropriate.

•	 Rivaroxaban-related bleeding is managed supportively, and prothrombin 
complex concentrate should be considered for life-threatening bleeding.

Key points
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transfusion was not required, the patient had no 
persistent neurologic deficits, and his agitation 
resolved. The intracranial hemorrhage was treated 
conservatively, and repeat CT head scan on day 7 
showed no worsening of the hemorrhage. On 
day 14 of the admission, rivaroxaban was restarted 
by the hematologist.

Discussion

The direct factor Xa inhibitor rivaroxaban is an 
oral anticoagulant approved for the prevention 
and treatment of venous thromboembolism and 
for stroke prophylaxis in patients with nonvalvu-

lar atrial fibrillation.1 The most common adverse 
effect is hemorrhage, with up to 5% of patients 
experiencing major bleeding.3

One advantage of rivaroxaban is that routine 
coagulation monitoring is not required. Prothrom-
bin time and activated prothrombin time do not 
correlate well with plasma levels of this drug.1 
Although prolonged prothrombin time may indi-
cate the presence of rivaroxaban, the degree of 
prolongation does not predict the amount of drug 
present.1 Anti-factor Xa levels correlate well with 
plasma concentrations of rivaroxaban, but the 
availability of this test is limited.1,2 

We have described a potential interaction 
between clarithromycin and rivaroxaban. At 
33 hours after this patient’s last dose of rivaroxa-
ban, his anti-factor Xa level was 537 µg/L, con-
sistent with a marked increase in exposure, 
despite preservation of renal and hepatic func-
tion and a low baseline risk of bleeding.4

Rivaroxaban has moderate oral bioavailability 
(66% for a 20-mg dose), is absorbed rapidly and 
has an elimination half-life of about 10 hours.1 It 
is metabolized primarily by cytochrome P450 
isoenzyme 3A4 (CYP3A4) to inactive metabo-
lites and is a substrate for both CYP3A4 and 
P-glycoprotein. CYP3A4, one of the most com-
mon P450 isozymes, is found primarily in the 
liver and intestine.

Elimination of rivaroxaban occurs through 
hepatobiliary and renal routes.1 Hepatobiliary 
elimination occurs via the multidrug efflux trans-
porter P-glycoprotein, which binds rivaroxaban 
and facilitates its gastrointestinal excretion. 
P-glycoprotein is also expressed in the small intes-
tine, where it opposes absorption of rivaroxaban.5 
Rivaroxaban is also eliminated unchanged in the 
urine via glomerular filtration and active secretion, 
mediated by P-glycoprotein.1,5,6

Interactions with rivaroxaban
Rivaroxaban is a substrate for CYP3A4 and P-
glycoprotein, both of which are subject to inhi-
bition or induction by many drugs. Clarithro-
mycin is a strong inhibitor of both.5,7 Because 
CYP3A4 plays a major role in the oxidative 
metabolism of rivaroxaban, inhibition of this 
isozyme can result in increased plasma concen-
trations of the drug.7 Inhibition of P-glycopro-
tein in the liver limits transport of rivaroxaban 
into bile, while inhibition in the intestine and 
proximal tubule results in increased absorption 
and decreased elimination of rivaroxaban, 
respectively.1,7

In one study of healthy volunteers, clarithro-
mycin increased the mean area under the curve 
and maximum concentration of rivaroxaban by 
up to 64% and 52%, respectively.7 However, 

Figure 1: Computed tomography of the thorax of a 
65-year-old man with hemoptysis, showing bilat-
eral parenchymal opacities, including ground-glass  
opacity and consolidation, consistent with pul
monary hemorrhage. Bilateral pleural effusions are 
also present. 

Figure 2: Computed tomography of the head, 
showing intracranial hemorrhage in the left fron-
tal lobe. 
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patients in that study received a 10-mg dose of 
rivaroxaban, and on only one day did they 
receive both medications together. Our patient 
received rivaroxaban 20 mg/d, in addition to 
three days of clarithromycin therapy. Moreover, 
none of his other medications are strong inhibi-
tors of CYP3A4 or P-glycoprotein, and none are 
independently associated with hemorrhage.

In summary, clarithromycin inhibits the 
metabolism of rivaroxaban, enhances systemic 
absorption of the drug and reduces its elim
ination. It is highly probable that the patient’s 
hemoptysis, epistaxis and intracranial hemor
rhage were the result of a drug interaction 
between rivaroxaban and clarithromycin.8

Preventing drug interactions involving 
rivaroxaban
Coadministration of rivaroxaban with strong in-
hibitors of both CYP3A4 and P-glycoprotein, in-
cluding ritonavir, ketoconazole, itraconazole, 
posaconazole and clarithromycin, is not recom-
mended.7 Pharmacokinetic studies have suggested 
that a drug that is a P-glycoprotein inhibitor or a 
moderate CYP3A4 inhibitor (or both) can be pre-
scribed with rivaroxaban, but this should be done 
with caution.7 Specifically, if alternative options 
are available, then they should be prescribed. 
When no alternative exists, the patient should be 
counselled about signs of bleeding, and the dose 
and duration of the interacting medication should 
be limited. Clinicians may also consider prescrib-

ing a lower dose of rivaroxaban, although this rec-
ommendation is based on pragmatic consider-
ations and pharmacokinetic data rather than 
clinical studies.1,7 Commonly prescribed inhibi-
tors of CYP3A4 and P-glycoprotein are listed in 
Box 1,7,9 along with suggestions for clinicians. 
More complete lists can be found elsewhere (e.g., 
University of Indiana Department of Medicine 
[http://medicine.iupui.edu/clinpharm/ddis/clinical​
-table]; Epocrates app, Athenahealth Inc.; Micro-
medex databases, Truven Health Analytics Inc.). 
For complex scenarios involving long-term co
prescription of rivaroxaban with inhibitors of 
CYP3A4 or P-glycoprotein (or both), consultation 
with a pharmacist is advised. 

Monitoring with anti-factor Xa assays is gen-
erally not recommended, for three reasons. First, 
the availability of the test is limited because of 
the detailed calibration required.1 Second, inter-
preting the results can be challenging unless the 
exact time of last drug administration is known. 
Third, a specific cut-off that correlates with clin
ically important bleeding has not yet been deter-
mined.1 Experts recommend ordering measure-
ment of anti-factor Xa level or prothrombin time 
before urgent surgery or procedures and for life-
threatening bleeding, acute renal failure or sus-
pected overdose.1 In these situations, elevated 
anti-factor Xa level or prothrombin time can 
help to confirm the presence of rivaroxaban and 
can potentially influence strategies to achieve 
hemostasis and timing of the subsequent dose.

Box 1: Clinical scenarios with the potential to increase bleeding risk in patients who are taking rivaroxaban*

Scenario Details Suggested management†

Combined P-gp and strong 
CYP3A4 inhibitor

Antifungals: posaconazole, itraconazole, ketoconazole
Macrolide: clarithromycin

Avoid these medications

Combined P-gp and/or 
moderate CYP3A4 inhibitor‡

Antimicrobials: erythromycin, ciprofloxacin, fluconazole, 
voriconazole, isoniazid
Antidepressants: fluoxetine, fluvoxamine, sertraline
Antihypertensives: verapamil, diltiazem
Antiarrhythmic: amiodarone
Antivirals for HIV: atazanavir, efavirenz, telaprevir

Use these medications with 
caution; consider a lower dose of 
rivaroxaban

Concomitant use of drugs 
affecting hemostasis

Anti-inflammatory agents: NSAIDs
Antiplatelet agents: ASA, clopidogrel, prasugrel, ticagrelor

Use these medications with 
caution; re-evaluate need for 
antiplatelet therapy

Dietary products Grapefruit juice, dietary quinine Use these products with caution

Renal failure CrCl 30–49 mL/min Decrease the dose of rivaroxaban 
(to 15 mg/d)

CrCl < 30 mL/min Avoid use of rivaroxaban

Liver failure Child–Pugh class B and C Avoid use of rivaroxaban

Note: ASA = acetylsalicylic acid, CrCl = creatinine clearance, CYP = cytochrome P450, NSAID = nonsteroidal anti-inflammatory drug, P-gp = P-glycoprotein.
*Sources: Mueck and associates,7 rivaroxaban product monograph9 and the Department of Medicine, Indiana University (http://medicine.iupui.edu/clinpharm/ddis/
clinical-table). 
†Based on expert opinion; this guidance must be interpreted in patient-specific context.
‡The list of potential moderate CYP3A4 inhibitors is not exhaustive; for a more comprehensive list, see the list prepared by the Department of Medicine, Indiana 
University (http://medicine.iupui.edu/clinpharm/ddis/clinical-table). 
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Management of bleeding
Unlike warfarin, rivaroxaban has no specific 
reversal agent. Although phase II studies have 
shown that andexanet alfa may be an effective 
option for reversing factor Xa inhibitors (e.g., 
rivaroxaban, apixaban), this possibility has yet to 
be confirmed in phase III clinical trials.10 Consid-
ering rivaroxaban’s short half-life, minor bleeding 
can be managed symptomatically (e.g., local com-
pression, nasal packing) or by temporary discon-
tinuation of the drug. For patients with major 
bleeding, some experts recommend the use of 
antifibrinolytic agents (e.g., tranexamic acid, 
ε-aminocaproic acid).11 For life-threatening bleed-
ing, nonspecific hemostatic agents such as four-
factor prothrombin complex concentrate are rec-
ommended, on the basis of expert opinion and 
small randomized controlled trials.11 However, 
treatment with prothrombin complex concentrates 
is associated with a marked prothrombotic risk 
and should be reserved for truly life-threatening 
bleeding. Dialysis is generally not recommended, 
even for life-threatening bleeding, because 95% 
of rivaroxaban is bound to protein.1
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