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ABSTRACT

The health implications of obesity are myriad and multifaceted. Physiologic changes associated with
obesity can affect the absorption, distribution, metabolism, and excretion of administered drugs, thereby
altering their pharmacologic profiles. In 2016, the Scientific and Standardization Committee of the Inter-
national Society on Thrombosis and Haemostasis published recommendations about the use of direct oral
anticoagulants (DOACs) in obese patients. This guidance provides uniform recommendations for all
DOACs, yet data suggest that individual agents may be affected to different degrees by obesity. Moreover,
there are no recommendations currently available to guide DOAC use in bariatric surgery patients, in whom
anatomic and physiologic changes to the digestive system can influence drug pharmacokinetics. Our review
of the available literature indicates that the clinical profile of the DOAC rivaroxaban is not affected by high
weight or bariatric surgery; hence, it does not appear that rivaroxaban dosing needs to be altered in these
patient populations.
� 2017 The Authors. Published by Elsevier Inc. This is an open access article under the CC BY-NC-ND
license (http://creativecommons.org/licenses/by-nc-nd/4.0/). � The American Journal of Medicine (2017)
130, 1024-1032
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An estimated 13% of the world’s population is currently
obese (body mass index [BMI] �30 kg/m2), and the inci-
dence is increasing along with the associated health and
economic burden.1 Obesity has multifaceted impacts on
approaches to patient health and disease management,
including selection of anticoagulant therapy. Considered a
prothrombotic and proinflammatory state,2 obesity is a risk
factor for conditions where anticoagulant therapy is indi-
cated (eg, hip/knee replacement,3 atrial fibrillation,4 venous
thromboembolism5). Beyond inducing a prothrombotic
state, obesity may influence thrombotic risk through its
effects on the clinical pharmacology (pharmacokinetics/
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pharmacodynamics) of anticoagulants, potentially leading to
either undercoagulation or overcoagulation, thereby
increasing the risk for thrombotic or bleeding events.

Best practices about the use of anticoagulants in obese pa-
tients remain to be determined. The emergence of direct oral
anticoagulants (DOACs) broadens the anticoagulant treatment
armamentarium, but DOAC use in morbidly obese patients
(BMI �40 kg/m2) has been called into question. In 2016, the
Scientific and Standardization Committee of the International
Society on Thrombosis and Haemostasis (ISTH) published
guidance statements that included a suggestion to not use
DOACs in patients with a BMI>40 kg/m2 or weight>120 kg
due to limited clinical data and concerns about the potential
effects of weight extremes on the pharmacology of these
agents.6 If DOACs are used in these patients, the ISTH guid-
ance suggestsmonitoring drug-specific peak and trough levels.
The ISTH recommendations apply to all DOACs, although
evidence suggests that their clinical and pharmacologic profiles
may not be influenced to the same extent by weight.7

One consequence of the obesity epidemic is the rapidly
growing use of bariatric surgery. Bariatric surgery, which
involves restricting the functional size of the stomach or
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inducing nutrient malabsorption, has shown favorable results
for reducing weight and can produce improvements in
obesity-related comorbidities.8,9 From a drug-delivery
standpoint, a history of bariatric surgery is worth consider-
ation because the accompanying anatomic and physiologic
changes10 may affect drug pharmacokinetics, thereby poten-
CLINICAL SIGNIFICANCE

� Recent International Society on Throm-
bosis and Haemostasis guidelines
questioned the use of direct oral anti-
coagulants (DOACs) in obese patients.
The recommendation was uniform for the
DOAC drug class.

� Moreover, there are currently no recom-
mendations about DOAC usage in
patients who have undergone bariatric
surgery.

� This review assessed the available
evidence for rivaroxaban, and data
retrieved indicate that its clinical profile
is not affected by high body weight or
bariatric surgery; hence, no dose
adjustment is needed.
tially influencing efficacy and
safety.8,9 Understanding changes
in response to anticoagulant ther-
apy after bariatric surgery is
essential due to the elevated
thrombotic risk in this patient
population.11 Little is known,
however, about the pharmacology
of DOACs after bariatric surgery,
both in the immediate post-
operative period and during long-
term therapy.

Rivaroxaban is a DOAC that has
been extensively studied in a vari-
ety of clinical indications, including
those with a high likelihood of co-
morbid obesity. Rivaroxaban has
also been studied in a small number
of healthy subjects both prior to and
following bariatric surgery. The
purpose of this review is to assess
the available evidence for use of
rivaroxaban in the context of

obesity or bariatric surgery by examining the published
literature for studies that have evaluated the clinical or phar-
macologic profile of rivaroxaban in these patient populations.
METHODS
Articles for inclusion in this review were identified from the
published literature by interrogation of the MEDLINE
database and by search of abstracts from relevant scientific
congresses. Search terms included pharmacokinetics, phar-
macodynamics, obese, obesity, overweight, body weight,
BMI, bariatric surgery, and gastric bypass in conjunction
with rivaroxaban/BAY 59-7939. In addition, reference lists
from included publications were used to identify other
articles of interest. All publications pertinent to the subject
matter were included in the manuscript; no exclusions based
on study criteria or date of publication were applied.
Figure 1 Mean rivaroxaban plasma concentration-time curve
after administration of a single 10-mg oral dose. Each weight
group included 12 healthy subjects. Reprinted from Kubitza
et al (2007).12
RIVAROXABAN AND OBESITY
The extent of drug exposure is dependent on its absorption,
distribution, metabolism, and excretion. There is evidence to
suggest that each of these components may be influenced by
obesity.9 However, whether or not drug exposure is affected
to a measurable or clinically meaningful degree is agent
specific. In the case of rivaroxaban, pivotal clinical trials,
clinical pharmacology studies, and population models pro-
vide insights into the impact of obesity on drug exposure.
Pharmacokinetic/Pharmacodynamic Studies
A clinical pharmacology study was conducted to assess the
influence of weight extremes on the general safety and
pharmacologic profile of rivaroxaban after a single 10-mg
oral dose.12 The study enrolled 48 healthy subjects and
compared results in subjects in weight categories of �50 kg
(low weight), 70-80 kg (normal
weight), and >120 kg (high
weight). No differences in safety
were observed among weight
groups. The pharmacokinetic pro-
file of rivaroxaban was compara-
ble in subjects in the normal- and
high-weight groups (Figure 1),12

and the time course of factor Xa
activity inhibition by rivaroxaban
was largely unaffected by weight
(Figure 2).12 The authors
concluded that the overall limited
influence of weight on the phar-
macologic profile of rivaroxaban
(ie, generally <15% change
compared with normal weight)
makes it unlikely that dose
adjustment is necessary for
patients with weight extremes.
This study formed the basis for the
current rivaroxaban prescribing
information, which does not sug-
gest dose adjustment based on weight.13

Insights into the influence of weight on the pharma-
cology of rivaroxaban in more diverse patient populations
have been obtained through population modeling conducted
using data from multiple clinical trials in various
indications. Two publications have reported on the



Figure 2 Influence of body weight on rivaroxaban-mediated
(A) median inhibition of factor Xa activity and (B) median
prolongation of prothrombin time. Each weight group included
12 healthy subjects who received a single oral dose of rivar-
oxaban 10 mg. Reprinted from Kubitza et al (2007).12
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population pharmacokinetics/pharmacodynamics of rivar-
oxaban in patients who had undergone total hip/knee
arthroplasty.14,15 The included studies set a lower weight
limit (45 kg) but no upper bound. Reported weights of
enrolled patients ranged from 45 kg to as much as 120 to
125 kg (hip studies) or 173 kg (knee study). The only
notable effect of weight on rivaroxaban pharmacokinetics
was a modest influence on volume of distribution. Weight
was identified as a covariate that influenced rivaroxaban-
mediated inhibition of factor Xa activity; however, the
magnitude of effect was small and not considered to be
clinically relevant.15

Mueck et al16 subsequently published population phar-
macokinetics using data from 2 phase-2 studies of rivarox-
aban in the treatment of acute deep vein thrombosis. These
studies excluded patients weighing <45 kg, but had no
upper weight/BMI threshold. The only rivaroxaban phar-
macokinetic parameter influenced by weight was the volume
of distribution, the effects on which were moderate and
within observed interindividual variability. Weight did not
have a significant effect on the relationship between
rivaroxaban pharmacologic parameters. In a more recent
population pharmacokinetic publication that analyzed data
from the ROCKET AF study, lean body mass (but not body
weight/fat) affected the apparent volume of distribution of
rivaroxaban.17 The influence of lean body mass on the
volume of distribution was modest and within the range of
interindividual variability.

Together, these analyses indicate that high weight/BMI
does not have a clinically meaningful impact on the phar-
macology of rivaroxaban. Volume of distribution was the
parameter most likely to be influenced by high weight/BMI,
although it is important to note that this difference was
within the observed range of interpatient variability.
Efficacy and Safety
The efficacy and safety of rivaroxaban have been evaluated
in several large trials across multiple indications, including
prophylaxis in patients undergoing total hip/knee arthro-
plasty, treatment of acute venous thromboembolism and
prevention of venous thromboembolism recurrence, and
stroke prevention in atrial fibrillation. These trials included a
considerable proportion of patients in high weight/BMI
categories (Table 1),18-21 which allowed for weight/
BMI-based subgroup analyses.

Total Hip or Knee Arthroplasty. The RECORD series of
pivotal clinical studies evaluated venous thromboembolism
prevention with rivaroxaban vs enoxaparin in patients who
had undergone total hip/knee arthroplasty.22-25 Turpie et al21

published a pooled analysis of the 4 RECORD studies that
included data from 12,279 patients who received either
rivaroxaban 10 mg daily or enoxaparin 40 mg once daily (or
30 mg every 12 hours). The analysis was restricted to the
approximately 2-week enoxaparin-controlled period com-
mon to all 4 RECORD studies and constituted the Day
12 � 2 active treatment pool. This approach allowed in-
clusion of the maximum number of patients on active
treatment and provided an unbiased comparison of the
drugs. No weight or BMI limits were imposed for study
inclusion, resulting in considerable representation of pa-
tients weighing >90 kg (Table 1).18-21 In the overall cohort,
the primary efficacy endpoint (composite of symptomatic
venous thromboembolism and all-cause mortality) occurred
significantly less frequently among those treated with
rivaroxaban vs enoxaparin (0.5% and 1.0%, respectively;
P ¼ 0.001). Reductions in the composite primary efficacy
endpoint were consistent when analyzed by weight sub-
group (�70, 70-90, and >90 kg) (Figure 3),21 suggesting
that the observed benefits of rivaroxaban may also be
applicable to patients with high weight. For the overall
cohort in the Day 12� 2 active treatment pool, the rates of
major plus clinically relevant nonmajor bleeding were
comparable in patients who received rivaroxaban (2.8%) or
enoxaparin (2.5%; P ¼ 0.19). In this pool, there was no
statistical difference in the composite of major and non-
major clinically relevant bleeding between treatment groups,



Table 1 Characteristics and Weight Category Distributions in Large Phase 3 Clinical Trials with Rivaroxaban

Study/Population Treatment

Weight Category Distribution
Patients, n (%)

�70 kg >70-90 kg >90 kg

RECORD studies21,* Rivaroxaban 10 mg OD 2093 (33.9) 2669 (43.3) 1409 (22.8)
Patients scheduled for elective total
hip or knee arthroplasty

Enoxaparin 40 mg OD or 30 mg
every 12 hours

1988 (32.1) 2732 (44.1) 1474 (23.8)

ROCKET AF20,* Rivaroxaban 20 mg daily† 2013 (28.4) 3031 (42.8) 2035 (28.7)
Patients with nonvalvular atrial fibrillation
at increased risk for stroke

Dose-adjusted warfarin 2012 (28.4) 3135 (44.2) 1942 (27.4)

�50 kg >50-100 kg >100 kg Missing

EINSTEIN DVT18 Rivaroxaban 15 mg BID for 3 weeks, then 20 mg OD 37 (2.1) 1443 (83.4) 245 (14.2) 6 (0.3)
Patients with objectively confirmed
proximal deep vein thrombosis,
without symptomatic pulmonary
embolism

Enoxaparin followed by a VKA 49 (2.9) 1422 (82.8) 246 (14.3) 1 (<0.1)

EINSTEIN PE19 Rivaroxaban 15 mg BID for 3 weeks, then 20 mg OD 38 (1.6) 2034 (84.1) 345 (14.3) 2 (<0.1)
Patients with acute symptomatic
pulmonary embolism with or
without deep vein thrombosis

Enoxaparin followed by a VKA 43 (1.8) 2010 (83.3) 359 (14.9) 1 (<0.1)

BID ¼ twice daily; OD ¼ once daily; VKA ¼ vitamin K antagonist.
*Derived from the number of patients included in the subgroup analysis for the primary efficacy endpoint.
†Rivaroxaban dose was 15 mg daily for patient with a creatinine clearance of 30 to 49 mL per minute.
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although in the total treatment duration pool, a higher rate
was observed with rivaroxaban in the overall cohort and in
patients with a body weight of >90 kg (Figure 4). These
findings were maintained across weight strata (Figure 4).21

Friedman et al (2013)26 subsequently published a retro-
spective analysis of the RECORD studies to determine
whether complication rates after total hip/knee arthroplasty
are elevated among patients who are morbidly obese. No
increase in the incidences of asymptomatic/symptomatic
deep vein thrombosis, symptomatic pulmonary embolism,
any bleeding, or major or clinically relevant nonmajor
bleeding were observed among patients who were morbidly
obese (n ¼ 445) relative to patients with a BMI <40 kg/m2

(n ¼ 11,910). Overall, the totality of evidence indicates that
the efficacy and safety of rivaroxaban among patients un-
dergoing orthopedic surgery is not adversely affected by
high weight/obesity.

Stroke Prevention in Atrial Fibrillation. Rivaroxaban was
studied for the prevention of stroke in patients with non-
valvular atrial fibrillation in the pivotal ROCKET AF clinical
trial.20 Patients in ROCKET AF (N ¼ 14,264) received
rivaroxaban 20 mg daily (15 mg daily in patients with
creatinine clearance of 30-49 mL/min) or adjusted-dose
warfarin (target international normalized ratio [INR], 2.0-
3.0). Weight was not a study enrollment criterion. More than
one-quarter of patients weighed >90 kg at baseline
(Table 1).18-21 The per-protocol and intention-to-treat ana-
lyses demonstrated noninferiority of rivaroxaban vs warfarin
for the primary endpoint (composite of stroke or systemic
embolism), with consistently lower event rates in the
rivaroxaban group. Noninferiority of rivaroxaban was
maintained across weight/BMI strata (Figure 3).20 Interest-
ingly, the lowest event rates were observed in the highest
weight/BMI categories for both treatment groups. A post hoc
analysis of ROCKET AF data found that the rates of the
primary endpoint were significantly lower in overweight
(hazard ratio 0.79; 95% confidence interval [CI], 0.64-0.98;
P ¼ 0.029) and obese patients (hazard ratio 0.66; 95% CI,
0.53-0.84; P � .001) in comparison with normal-weight
patients.27

In the overall ROCKET AF cohort, the rates of major and
clinically relevant nonmajor bleeding were similar in pa-
tients receiving rivaroxaban or warfarin.20 However,
significantly lower rates of intracranial hemorrhage (0.5%
and 0.7% per year; P ¼ .02) and fatal bleeding (0.2% and
0.5% per year; P ¼ .003) were observed in the rivaroxaban
group. Safety outcomes in the rivaroxaban and warfarin
arms, including rates of major and clinically relevant
nonmajor bleeding (Figure 4),20 were consistent across
weight/BMI subgroups. The lack of significant effect of
obesity on the efficacy and safety of rivaroxaban in the
context of stroke prevention in atrial fibrillation suggests
that the pharmacologic profile of this agent in obese and
nonobese subjects is likely similar.

Venous Thromboembolism. Two large, pivotal clinical
trials assessed the efficacy and safety of rivaroxaban for the
treatment of acute symptomatic deep vein thrombosis
(EINSTEIN-DVT) or pulmonary embolism (EINSTEIN-
PE).18,19 In both studies, patients were randomly assigned to
rivaroxaban (15 mg twice daily for 3 weeks, followed by 20



Figure 3 Relative efficacy of rivaroxaban in weight and body
mass index subgroups in large phase 3 clinical trials. Odds/
hazard ratios and 95% confidence intervals of the primary ef-
ficacy endpoint for the comparison of rivaroxaban with enox-
aparin (RECORD studies),21 warfarin (ROCKET AF),20 or
enoxaparin/vitamin K antagonist therapy (EINSTEIN
studies).28

Figure 4 Relative safety of rivaroxaban in weight and body
mass index subgroups in large phase 3 clinical trials. Hazard
ratios and 95% confidence intervals of the composite endpoint
of major bleeding and clinically relevant nonmajor bleeding for
the comparison of rivaroxaban with enoxaparin (RECORD
studies),21 warfarin (ROCKET AF),20 or enoxaparin/vitamin K
antagonist therapy (EINSTEIN studies).28
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mg once daily) or enoxaparin followed by a vitamin K
antagonist (VKA) for 3, 6, or 12 months. An extension
study allowed an additional 6 or 12 months of treatment for
qualifying patients. No limitations were placed on enroll-
ment based on weight/BMI. Across studies and treatment
arms, w14% of patients weighed >100 kg (Table 1).18-21

For the primary efficacy endpoint, symptomatic recurrent
venous thromboembolism, rivaroxaban was found to be
noninferior to enoxaparin/VKA therapy in EINSTEIN-DVT
and EINSTEIN-PE. Rates of major and clinically relevant
nonmajor bleeding (the primary safety endpoint) were
equivalent between groups in EINSTEIN-DVT (8.1% for
both) and slightly lower with rivaroxaban vs enoxaparin/
VKA therapy in EINSTEIN-PE (10.3% and 11.4%,
respectively; P ¼ .23). Results for the primary efficacy and
safety endpoints were consistent across weight subgroups.

A recently published post hoc analysis of pooled data
from the EINSTEIN-DVT and EINSTEIN-PE studies
detected no association between weight/BMI and risk of
recurrent venous thromboembolism, major bleeding, or
composite of major bleeding and clinically relevant
nonmajor bleeding in patients who received rivaroxaban.28

Hazard ratios for the comparison of rivaroxaban and
enoxaparin/VKA therapy were consistent across weight/
BMI subgroups (Figures 3 and 4).28

Pivotal randomized controlled trial data, although infor-
mative for guiding clinical practice, may have limited rele-
vance to real-world patient populations. Data from everyday
practice are, therefore, valuable in providing a perspective
on drug efficacy and safety in a more diverse patient pop-
ulation. One such study that evaluated the effect of weight
extremes on the pharmacokinetics, efficacy, and safety of
rivaroxaban in the treatment of venous thromboembolism
was recently reported.29 In this unselected group of 219
patients, rivaroxaban plasma concentrations were compara-
ble between patients weighing 50-120 kg (median 308; 95%
CI, 308-381 ng/mL) and those weighing more than 120 kg
(median 281; 95% CI, 242-327 ng/mL), but were signifi-
cantly higher in patients weighing <50 kg (median 460;
95% CI, 380-601 ng/mL; P ¼ .005 for the comparison with
the 50-120 kg and >120 kg groups). The rates of recurrent
venous thromboembolism, major bleeding, and clinically
relevant bleeding were similar across the weight groups;
higher plasma levels of rivaroxaban in patients weighing
<50 kg were not associated with increased bleeding or
recurrent venous thromboembolism. These results further
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support the observed lack of effect of high weight on the
clinical profile of rivaroxaban that was observed in clinical
trials in patients with venous thromboembolism.

RIVAROXABAN AND BARIATRIC SURGERY
The influence of bariatric surgery on drug pharmacology,
efficacy, and safety is largely unknown, as few studies have
examined this question. Theoretically, bariatric surgery has
the potential to influence pharmacokinetics of administered
drugs via a multitude of mechanisms, including changes in
gastric emptying time, decreased small intestine transit time,
and reduced intestinal surface area.8,9 The net result of
anatomic and physiologic changes on drug pharmacoki-
netics is highly dependent on the nature of the bariatric
surgery, route of drug administration, and characteristics of
the individual drug.

There is some precedent for bariatric surgery influencing
the pharmacology and clinical profile of anticoagulants.
Vitamin K deficiency has been reported after gastric bypass
surgery,30 which may significantly impact the anticoagulant
effects of VKA agents such as warfarin. Functional conse-
quences in terms of poor INR control and resulting clinical
complications have been observed with VKA use after
gastric bypass.31-36
Table 2 Pharmacokinetic Parameters of Rivaroxaban Prior to
and After Bariatric Surgery

Parameter*
Prior to
Surgery

After
Surgery Ratio†

All patients pooled
AUC (mg � h/L) 952.6/16.8 1095.5/16.8 0.87 (0.77-0.98)
Cmax (mg/L) 135.9/19.3 137.3/33.3 0.99 (0.79-1.24)
t1/2 (h) 13.5/38.8 11.6/58.7 1.16 (0.82-1.64)
VZ/f (L/kg) 47.9/22.3 44.4/26.1 1.08 (0.99-1.18)
tmax (h) 1.5 (0.9-4) 2 (1-4) NA

Roux-en-Y gastric
bypass

AUC (mg � h/L) 933.7/22.3 1029.4/7.4 0.91 (0.75-1.09)
Cmax (mg/L) 136.5/10.7 110.8/31.8 1.23 (0.91-1.66)
t1/2 (h) 13.8/46.6 15/60.0 0.92 (0.57-1.48)
VZ/f (L/kg) 55.3/22.5 52.7/20.8 1.05 (0.91-1.21)
tmax (h) 1.5 (0.9-4) 2.5 (1-4) NA

Sleeve gastrectomy
AUC (mg � h/L) 971.9/10.6 1165.8/21.9 0.83 (0.68-1.02)
Cmax (mg/L) 135.3/26.7 170.0/15.9 0.80 (0.59-1.08)
t1/2 (h) 13.1/34.1 8.9/44.6 1.47 (0.82-2.64)
VZ/f (L/kg) 41.5/9.5 37.4/18.1 1.11 (0.95-1.29)
tmax (h) 1.5 (1-4) 1.5 (1-4) NA

AUC ¼ area under the plasma concentration-time curve from time
0 to infinity; Cmax ¼ peak plasma concentration; t1/2 ¼ terminal half-life;
tmax ¼ time to peak plasma concentration; Vz/f ¼ (Dose/C0)/body
weight apparent volume of distribution during the terminal phase
divided by total body weight (in kg).

*Data are geometric mean/coefficient of variation, except for tmax,
which is presented as median (range).

†Ratio of prior to/after surgery and 95% confidence interval.
Reprinted from Kröll et al.38
Initial data on the pharmacology of rivaroxaban in pa-
tients who had undergone bariatric surgery were reported in
case studies. Mahlmann et al34 described a patient who
experienced unstable INR during VKA therapy after un-
dergoing gastric bypass. The patient was considered to be at
high risk for venous thromboembolism due to prior events
and, therefore, required continued anticoagulation. After
switching to rivaroxaban 20 mg once daily, plasma drug
concentrations, INR, and activated partial thromboplastin
time were measured. Following the first rivaroxaban dose,
plasma drug concentrations increased rapidly, reaching peak
values that were within the expected range. The authors
concluded that “resorption of rivaroxaban is not signifi-
cantly impaired by bariatric surgery.” Similar results were
reported by Cintineo and Singh,37 for a patient with atrial
fibrillation and history of gastric bypass who experienced a
Figure 5 Rivaroxaban plasma concentration-time curve prior
to and after bariatric surgery, stratified by procedure type,
following administration of single 10-mg oral doses. Panel A
represents patients who underwent Roux-en-Y gastric bypass
(n ¼ 6) and panel B represents patients who underwent sleeve
gastrectomy (n ¼ 6). Reprinted from Kröll et al.38



Figure 6 Comparison of pharmacodynamic measures performed following administration of
rivaroxaban 10 mg prior to and after bariatric surgery, stratified by procedure type. (A and B)
Thrombin-antithrombin complex concentrations; (C and D) prothrombin activation fragment
F1þ2 concentrations; (E and F) D-dimer concentrations. Data represent medians and ranges
for 6 patients who underwent Roux-en-Y gastric bypass and 5 patients who underwent sleeve
gastrectomy. Interpretation of the postoperative results must take into consideration the pro-
coagulant state induced by surgical intervention and the administration of low-molecular-
weight heparin the previous day as part of the postoperative standard of care. Reprinted
from Kröll et al.38
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transient ischemic attack 3 years after surgery and was
subsequently put on rivaroxaban 20 mg daily.

New data provide insights on the pharmacology of
rivaroxaban in the immediate postoperative period. A
single-center clinical trial evaluated pharmacokinetics of
rivaroxaban 10 mg administered 1 day prior to and 3 days
after surgery in morbidly obese patients scheduled to un-
dergo bariatric surgery.38 Twelve patients were assessed: 6
underwent Roux-en-Y gastric bypass and 6 underwent
sleeve gastrectomy. The preoperative data revealed area
under the plasma concentration-time curve values in this
obese population that were comparable with those reported
after administration of rivaroxaban 10 mg in healthy vol-
unteers and patients who had undergone hip replace-
ment.14,39 A slight increase in area under the plasma
concentration-time curve was observed after bariatric sur-
gery in the overall study population; the difference
compared with the preoperative measurement was more
apparent among patients who underwent sleeve gastrectomy
than in those who underwent Roux-en-Y gastric bypass
(Table 2).38 The plasma concentration-time curves prior to
and after surgery were largely superimposable for gastric
bypass patients, whereas a modest difference in peak
rivaroxaban concentration was observed postoperatively in
the sleeve-gastrectomy group (Figure 5).38 Nonetheless, the
observed differences in pharmacokinetic parameters after
bariatric surgery were within the expected range of indi-
vidual variation. The pharmacodynamic effects of rivarox-
aban, as measured by thrombin-antithrombin complexes,
prothrombin activation fragments F1þ2, and D-dimer
concentrations, were consistent with the pharmacokinetic
profile (Figure 6).38 These data support the concept that the
pharmacology of a 10-mg dose of rivaroxaban is not
significantly affected by bariatric surgery. Additional studies
with larger numbers of patients, extended duration of ther-
apy, and higher rivaroxaban doses would be helpful for a
more detailed characterization of the rivaroxaban profile.
CLINICAL IMPLICATIONS
The body of clinical evidence does not suggest that dosing
adjustments for rivaroxaban are needed for patients with a
BMI >40 kg/m2 or weight of >120 kg. High weight has not
been shown to have a clinically meaningful effect on the
pharmacology of rivaroxaban, and the efficacy and safety
profiles of rivaroxaban in high weight/BMI subgroups were
consistently similar to those observed in patients with
normal weight/BMI across large pivotal clinical trials in
different indications.

The recent guidance from the ISTH advocates the mea-
surement of peak and trough levels of DOACs in patients
with a BMI >40 kg/m2 or weight of >120 kg.6 This
recommendation is based on the assumption that the phar-
macology of DOACs will differ between obese and
nonobese patients. The evidence presented herein, which
includes a study specifically examining the effects of weight
on pharmacology,12 population pharmacokinetic modeling
in diverse patient populations,14-16 and pharmacologic data
from morbidly obese patients prior to and after bariatric
surgery,38 indicates that rivaroxaban’s pharmacologic pro-
file in obese or high-weight patients is comparable with that
observed in patients with normal weight. Therefore, the
routine measurement of plasma concentrations does not
appear to be necessary for patients who receive rivaroxaban.

Exploring the influence of bariatric surgery on drug
exposure is still in the early stages. Although it is well
established that the level of anticoagulation achieved with
VKA therapy is significantly affected by bariatric surgery,
necessitating careful monitoring and dose adjustment,31-36

less is known about the effects of bariatric surgery on the
anticoagulant activity of DOACs. For rivaroxaban, the
available data suggest that pharmacokinetic and pharmaco-
dynamic effects of a 10-mg dose of rivaroxaban are not
appreciably altered after bariatric surgery. Further study of
rivaroxaban, ideally with higher doses, and other DOACs in
this patient population is warranted.

In total, the data indicate that dose adjustment is not
necessary when administering rivaroxaban to patients who
are obese or who have undergone bariatric surgery. Future
research should ensure that these populations are adequately
represented in clinical trials. Moreover, additional studies
are needed to further explore the effects of obesity/bariatric
surgery on the pharmacologic profiles of anticoagulant
therapies.
ACKNOWLEDGMENT
We thank Crystal Murcia, PhD, of ProEd Communications,
Inc, for providing medical editorial assistance with this
manuscript. Financial support for this assistance was
provided by Janssen Pharmaceuticals, Inc.
References
1. World Health Organization. Obesity and overweight. Available at:

http://www.who.int/mediacentre/factsheets/fs311/en/. 2016. Accessed
December 5, 2016.

2. Blokhin IO, Lentz SR. Mechanisms of thrombosis in obesity. Curr
Opin Hematol. 2013;20(5):437-444.

3. Liu B, Balkwill A, Green J, Beral V; Million Women Study Collab-
orators. Body size from birth to middle age and the risk of hip and knee
replacement. BMC Musculoskelet Disord. 2016;17:260.

4. Kokubo Y, Matsumoto C. Traditional cardiovascular risk factors for
incident atrial fibrillation. Circ J. 2016;80(12):2415-2422.

5. Ageno W, Becattini C, Brighton T, Selby R, Kamphuisen PW. Car-
diovascular risk factors and venous thromboembolism: a meta-analysis.
Circulation. 2008;117(1):93-102.

6. Martin K, Beyer-Westendorf J, Davidson BL, Huisman MV,
Sandset PM, Moll S. Use of the direct oral anticoagulants in obese
patients: guidance from the SSC of the ISTH. J Thromb Haemost.
2016;14(6):1308-1313.

7. Pathak R, Karmacharya P, Giri S, et al. Meta-analysis on efficacy and
safety of new oral anticoagulants for venous thromboembolism pro-
phylaxis in overweight and obese postarthroplasty patients. Blood
Coagul Fibrinolysis. 2015;26(6):635-642.

8. Smith A, Henriksen B, Cohen A. Pharmacokinetic considerations in
Roux-en-Y gastric bypass patients. Am J Health Syst Pharm.
2011;68(23):2241-2247.

http://www.who.int/mediacentre/factsheets/fs311/en/
http://refhub.elsevier.com/S0002-9343(17)30589-2/sref2
http://refhub.elsevier.com/S0002-9343(17)30589-2/sref2
http://refhub.elsevier.com/S0002-9343(17)30589-2/sref3
http://refhub.elsevier.com/S0002-9343(17)30589-2/sref3
http://refhub.elsevier.com/S0002-9343(17)30589-2/sref3
http://refhub.elsevier.com/S0002-9343(17)30589-2/sref4
http://refhub.elsevier.com/S0002-9343(17)30589-2/sref4
http://refhub.elsevier.com/S0002-9343(17)30589-2/sref5
http://refhub.elsevier.com/S0002-9343(17)30589-2/sref5
http://refhub.elsevier.com/S0002-9343(17)30589-2/sref5
http://refhub.elsevier.com/S0002-9343(17)30589-2/sref6
http://refhub.elsevier.com/S0002-9343(17)30589-2/sref6
http://refhub.elsevier.com/S0002-9343(17)30589-2/sref6
http://refhub.elsevier.com/S0002-9343(17)30589-2/sref6
http://refhub.elsevier.com/S0002-9343(17)30589-2/sref7
http://refhub.elsevier.com/S0002-9343(17)30589-2/sref7
http://refhub.elsevier.com/S0002-9343(17)30589-2/sref7
http://refhub.elsevier.com/S0002-9343(17)30589-2/sref7
http://refhub.elsevier.com/S0002-9343(17)30589-2/sref8
http://refhub.elsevier.com/S0002-9343(17)30589-2/sref8
http://refhub.elsevier.com/S0002-9343(17)30589-2/sref8


1032 The American Journal of Medicine, Vol 130, No 9, September 2017
9. Brocks DR, Ben-Eltriki M, Gabr RQ, Padwal RS. The effects of gastric
bypass surgery on drug absorption and pharmacokinetics. Expert Opin
Drug Metab Toxicol. 2012;8(12):1505-1519.

10. Dixon JB, le Roux CW, Rubino F, Zimmet P. Bariatric surgery for type
2 diabetes. Lancet. 2012;379(9833):2300-2311.

11. Gould MK, Garcia DA, Wren SM, et al. Prevention of VTE in non-
orthopedic surgical patients: Antithrombotic Therapy and Prevention of
Thrombosis, 9th ed: American College of Chest Physicians Evidence-
Based Clinical Practice Guidelines. Chest. 2012;141(2 Suppl):
e227S-e277S.

12. Kubitza D, Becka M, Zuehlsdorf M, Mueck W. Body weight has
limited influence on the safety, tolerability, pharmacokinetics, or
pharmacodynamics of rivaroxaban (BAY 59-7939) in healthy subjects.
J Clin Pharmacol. 2007;47(2):218-226.

13. Xarelto (rivaroxaban) [prescribing information]. Titusville, NJ:
Janssen Pharmaceuticals, Inc; 2016.

14. Mueck W, Borris LC, Dahl OE, et al. Population pharmacoki-
netics and pharmacodynamics of once- and twice-daily rivarox-
aban for the prevention of venous thromboembolism in patients
undergoing total hip replacement. Thromb Haemost. 2008;100(3):
453-461.

15. Mueck W, Eriksson BI, Bauer KA, et al. Population pharmacokinetics
and pharmacodynamics of rivaroxabanean oral, direct factor Xa
inhibitorein patients undergoing major orthopaedic surgery. Clin
Pharmacokinet. 2008;47(3):203-216.

16. Mueck W, Lensing AW, Agnelli G, Decousus H, Prandoni P,
Misselwitz F. Rivaroxaban: population pharmacokinetic analyses in
patients treated for acute deep-vein thrombosis and exposure simula-
tions in patients with atrial fibrillation treated for stroke prevention.
Clin Pharmacokinet. 2011;50(10):675-686.

17. Girgis IG, Patel MR, Peters GR, et al. Population pharmacokinetics and
pharmacodynamics of rivaroxaban in patients with non-valvular atrial
fibrillation: results from ROCKET AF. J Clin Pharmacol. 2014;54(8):
917-927.

18. EINSTEIN Investigators; Bauersachs R, Berkowitz SD, Brenner B,
et al. Oral rivaroxaban for symptomatic venous thromboembolism.
N Engl J Med. 2010;363(26):2499-2510.

19. EINSTEIN-PE Investigators; Buller HR, Prins MH, Lensin AW, et al.
Oral rivaroxaban for the treatment of symptomatic pulmonary
embolism. N Engl J Med. 2012;366(14):1287-1297.

20. Patel MR, Mahaffey KW, Garg J, et al. Rivaroxaban versus warfarin in
nonvalvular atrial fibrillation. N Engl J Med. 2011;365(10):883-891.

21. Turpie AG, Lassen MR, Eriksson BI, et al. Rivaroxaban for the pre-
vention of venous thromboembolism after hip or knee arthroplasty.
Pooled analysis of four studies. Thromb Haemost. 2011;105(3):
444-453.

22. Eriksson BI, Borris LC, Friedman RJ, et al. Rivaroxaban versus
enoxaparin for thromboprophylaxis after hip arthroplasty. N Engl J
Med. 2008;358(26):2765-2775.

23. Kakkar AK, Brenner B, Dahl OE, et al. Extended duration rivaroxaban
versus short-term enoxaparin for the prevention of venous thrombo-
embolism after total hip arthroplasty: a double-blind, randomised
controlled trial. Lancet. 2008;372(9632):31-39.
24. Lassen MR, Ageno W, Borris LC, et al. Rivaroxaban versus enox-
aparin for thromboprophylaxis after total knee arthroplasty. N Engl J
Med. 2008;358(26):2776-2786.

25. Turpie AG, Lassen MR, Davidson BL, et al. Rivaroxaban versus
enoxaparin for thromboprophylaxis after total knee arthroplasty (RE-
CORD4): a randomised trial. Lancet. 2009;373(9676):1673-1680.

26. Friedman RJ, Hess S, Berkowitz SD, Homering M. Complication rates
after hip or knee arthroplasty in morbidly obese patients. Clin Orthop
Relat Res. 2013;471(10):3358-3366.

27. Balla SR, Cyr D, Lokhnygina Y, Patel MR. Obesity paradox for stroke
in patients with atrial fibrillation treated with rivaroxaban and warfarin
in the ROCKET AF trial. J Am Coll Cardiol. 2014;63(12):A371.

28. Di Nisio M, Vedovati MC, Riera-Mestre A, et al. Treatment of venous
thromboembolism with rivaroxaban in relation to body weight. A sub-
analysis of the EINSTEIN DVT/PE studies. Thromb Haemost.
2016;116(4):739-746.

29. Jayakody Arachchillage D, Reynolds R, Devey T, Maclean R,
Kitchen S, Van Veen J. Effect of extremes of body weight on efficacy
and safety of rivaroxaban in the treatment of venous thromboembo-
lism; real life experience. J Thromb Haemost. 2016;14(suppl 1):8.

30. Shankar P, Boylan M, Sriram K. Micronutrient deficiencies after
bariatric surgery. Nutrition. 2010;26(11-12):1031-1037.

31. Sobieraj DM, Wang F, Kirton OC. Warfarin resistance after total
gastrectomy and Roux-en-Y esophagojejunostomy. Pharmacotherapy.
2008;28(12):1537-1541.

32. Bechtel P, Boorse R, Rovito P, Harrison TD, Hong J. Warfarin users
prone to coagulopathy in first 30 days after hospital discharge from
gastric bypass. Obes Surg. 2013;23(10):1515-1519.

33. Irwin AN, McCool KH, Delate T, Witt DM. Assessment of warfarin
dosing requirements after bariatric surgery in patients requiring long-
term warfarin therapy. Pharmacotherapy. 2013;33(11):1175-1183.

34. Mahlmann A, Gehrisch S, Beyer-Westendorf J. Pharmacokinetics of
rivaroxaban after bariatric surgery: a case report. J Thromb Throm-
bolysis. 2013;36(4):533-535.

35. Schullo-Feulner AM, Stoecker Z, Brown GA, Schneider J, Jones TA,
Burnett B. Warfarin dosing after bariatric surgery: a retrospective study
of 10 patients previously stable on chronic warfarin therapy. Clin Obes.
2014;4(2):108-115.

36. Steffen KJ, Wonderlich JA, Erickson AL, Strawsell H, Mitchell JE,
Crosby RD. Comparison of warfarin dosages and international
normalized ratios before and after Roux-en-Y gastric bypass surgery.
Pharmacotherapy. 2015;35(9):876-880.

37. Cintineo F, Singh L. Plasma concentrations of rivaroxaban after gastric
bypass surgery: a case report. Presented at: American Society of Health-
System Pharmacists 2015 Midyear Meeting, 2015; New Orleans, La.

38. Kröll D, Stirnimann G, Vogt A, et al. Pharmacokinetics and pharma-
codynamics of single doses of Rivaroxaban in obese patients before
and after bariatric surgery. Br J Clin Pharmacol. 2017;83(7):
1466-1475.

39. Kubitza D, Becka M, Voith B, Zuehlsdorf M, Wensing G. Safety,
pharmacodynamics, and pharmacokinetics of single doses of BAY 59-
7939, an oral, direct factor Xa inhibitor. Clin Pharmacol Ther.
2005;78(4):412-421.

http://refhub.elsevier.com/S0002-9343(17)30589-2/sref9
http://refhub.elsevier.com/S0002-9343(17)30589-2/sref9
http://refhub.elsevier.com/S0002-9343(17)30589-2/sref9
http://refhub.elsevier.com/S0002-9343(17)30589-2/sref10
http://refhub.elsevier.com/S0002-9343(17)30589-2/sref10
http://refhub.elsevier.com/S0002-9343(17)30589-2/sref11
http://refhub.elsevier.com/S0002-9343(17)30589-2/sref11
http://refhub.elsevier.com/S0002-9343(17)30589-2/sref11
http://refhub.elsevier.com/S0002-9343(17)30589-2/sref11
http://refhub.elsevier.com/S0002-9343(17)30589-2/sref11
http://refhub.elsevier.com/S0002-9343(17)30589-2/sref12
http://refhub.elsevier.com/S0002-9343(17)30589-2/sref12
http://refhub.elsevier.com/S0002-9343(17)30589-2/sref12
http://refhub.elsevier.com/S0002-9343(17)30589-2/sref12
http://refhub.elsevier.com/S0002-9343(17)30589-2/sref13
http://refhub.elsevier.com/S0002-9343(17)30589-2/sref13
http://refhub.elsevier.com/S0002-9343(17)30589-2/sref14
http://refhub.elsevier.com/S0002-9343(17)30589-2/sref14
http://refhub.elsevier.com/S0002-9343(17)30589-2/sref14
http://refhub.elsevier.com/S0002-9343(17)30589-2/sref14
http://refhub.elsevier.com/S0002-9343(17)30589-2/sref14
http://refhub.elsevier.com/S0002-9343(17)30589-2/sref15
http://refhub.elsevier.com/S0002-9343(17)30589-2/sref15
http://refhub.elsevier.com/S0002-9343(17)30589-2/sref15
http://refhub.elsevier.com/S0002-9343(17)30589-2/sref15
http://refhub.elsevier.com/S0002-9343(17)30589-2/sref15
http://refhub.elsevier.com/S0002-9343(17)30589-2/sref15
http://refhub.elsevier.com/S0002-9343(17)30589-2/sref16
http://refhub.elsevier.com/S0002-9343(17)30589-2/sref16
http://refhub.elsevier.com/S0002-9343(17)30589-2/sref16
http://refhub.elsevier.com/S0002-9343(17)30589-2/sref16
http://refhub.elsevier.com/S0002-9343(17)30589-2/sref16
http://refhub.elsevier.com/S0002-9343(17)30589-2/sref17
http://refhub.elsevier.com/S0002-9343(17)30589-2/sref17
http://refhub.elsevier.com/S0002-9343(17)30589-2/sref17
http://refhub.elsevier.com/S0002-9343(17)30589-2/sref17
http://refhub.elsevier.com/S0002-9343(17)30589-2/sref18
http://refhub.elsevier.com/S0002-9343(17)30589-2/sref18
http://refhub.elsevier.com/S0002-9343(17)30589-2/sref18
http://refhub.elsevier.com/S0002-9343(17)30589-2/sref19
http://refhub.elsevier.com/S0002-9343(17)30589-2/sref19
http://refhub.elsevier.com/S0002-9343(17)30589-2/sref19
http://refhub.elsevier.com/S0002-9343(17)30589-2/sref20
http://refhub.elsevier.com/S0002-9343(17)30589-2/sref20
http://refhub.elsevier.com/S0002-9343(17)30589-2/sref21
http://refhub.elsevier.com/S0002-9343(17)30589-2/sref21
http://refhub.elsevier.com/S0002-9343(17)30589-2/sref21
http://refhub.elsevier.com/S0002-9343(17)30589-2/sref21
http://refhub.elsevier.com/S0002-9343(17)30589-2/sref22
http://refhub.elsevier.com/S0002-9343(17)30589-2/sref22
http://refhub.elsevier.com/S0002-9343(17)30589-2/sref22
http://refhub.elsevier.com/S0002-9343(17)30589-2/sref23
http://refhub.elsevier.com/S0002-9343(17)30589-2/sref23
http://refhub.elsevier.com/S0002-9343(17)30589-2/sref23
http://refhub.elsevier.com/S0002-9343(17)30589-2/sref23
http://refhub.elsevier.com/S0002-9343(17)30589-2/sref24
http://refhub.elsevier.com/S0002-9343(17)30589-2/sref24
http://refhub.elsevier.com/S0002-9343(17)30589-2/sref24
http://refhub.elsevier.com/S0002-9343(17)30589-2/sref25
http://refhub.elsevier.com/S0002-9343(17)30589-2/sref25
http://refhub.elsevier.com/S0002-9343(17)30589-2/sref25
http://refhub.elsevier.com/S0002-9343(17)30589-2/sref26
http://refhub.elsevier.com/S0002-9343(17)30589-2/sref26
http://refhub.elsevier.com/S0002-9343(17)30589-2/sref26
http://refhub.elsevier.com/S0002-9343(17)30589-2/sref27
http://refhub.elsevier.com/S0002-9343(17)30589-2/sref27
http://refhub.elsevier.com/S0002-9343(17)30589-2/sref27
http://refhub.elsevier.com/S0002-9343(17)30589-2/sref28
http://refhub.elsevier.com/S0002-9343(17)30589-2/sref28
http://refhub.elsevier.com/S0002-9343(17)30589-2/sref28
http://refhub.elsevier.com/S0002-9343(17)30589-2/sref28
http://refhub.elsevier.com/S0002-9343(17)30589-2/sref29
http://refhub.elsevier.com/S0002-9343(17)30589-2/sref29
http://refhub.elsevier.com/S0002-9343(17)30589-2/sref29
http://refhub.elsevier.com/S0002-9343(17)30589-2/sref29
http://refhub.elsevier.com/S0002-9343(17)30589-2/sref30
http://refhub.elsevier.com/S0002-9343(17)30589-2/sref30
http://refhub.elsevier.com/S0002-9343(17)30589-2/sref31
http://refhub.elsevier.com/S0002-9343(17)30589-2/sref31
http://refhub.elsevier.com/S0002-9343(17)30589-2/sref31
http://refhub.elsevier.com/S0002-9343(17)30589-2/sref32
http://refhub.elsevier.com/S0002-9343(17)30589-2/sref32
http://refhub.elsevier.com/S0002-9343(17)30589-2/sref32
http://refhub.elsevier.com/S0002-9343(17)30589-2/sref33
http://refhub.elsevier.com/S0002-9343(17)30589-2/sref33
http://refhub.elsevier.com/S0002-9343(17)30589-2/sref33
http://refhub.elsevier.com/S0002-9343(17)30589-2/sref34
http://refhub.elsevier.com/S0002-9343(17)30589-2/sref34
http://refhub.elsevier.com/S0002-9343(17)30589-2/sref34
http://refhub.elsevier.com/S0002-9343(17)30589-2/sref35
http://refhub.elsevier.com/S0002-9343(17)30589-2/sref35
http://refhub.elsevier.com/S0002-9343(17)30589-2/sref35
http://refhub.elsevier.com/S0002-9343(17)30589-2/sref35
http://refhub.elsevier.com/S0002-9343(17)30589-2/sref36
http://refhub.elsevier.com/S0002-9343(17)30589-2/sref36
http://refhub.elsevier.com/S0002-9343(17)30589-2/sref36
http://refhub.elsevier.com/S0002-9343(17)30589-2/sref36
http://refhub.elsevier.com/S0002-9343(17)30589-2/sref38
http://refhub.elsevier.com/S0002-9343(17)30589-2/sref38
http://refhub.elsevier.com/S0002-9343(17)30589-2/sref38
http://refhub.elsevier.com/S0002-9343(17)30589-2/sref38
http://refhub.elsevier.com/S0002-9343(17)30589-2/sref39
http://refhub.elsevier.com/S0002-9343(17)30589-2/sref39
http://refhub.elsevier.com/S0002-9343(17)30589-2/sref39
http://refhub.elsevier.com/S0002-9343(17)30589-2/sref39

	Influences of Obesity and Bariatric Surgery on the Clinical and Pharmacologic Profile of Rivaroxaban
	Methods
	Rivaroxaban and Obesity
	Pharmacokinetic/Pharmacodynamic Studies
	Efficacy and Safety
	Total Hip or Knee Arthroplasty
	Stroke Prevention in Atrial Fibrillation
	Venous Thromboembolism


	Rivaroxaban and Bariatric Surgery
	Clinical Implications
	Acknowledgment
	References


