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More than 250 000 people underwent weight loss surgery in the United States in 2018.1 Although
direct oral anticoagulants (DOACs) have replaced vitamin K antagonists (VKAs) as standard of care for
the treatment of venous thromboembolism (VTE), data on their use in the setting of bariatric surgery
remain scarce.

The absorption of oral anticoagulants may be altered in patients after bariatric procedures, because
gastrointestinal absorptive surface, food volume, gastric pH, and gastrointestinal transit time all affect
bioavailability.2,3 Although there is some evidence on the efficacy of DOACs in preventing stroke in
atrial fibrillation, data on VTE recurrence are limited to 9 patients.4,5

Updated 2021 International Society on Thrombosis and Haemostasis guidelines suggest not using
DOACs for the treatment or prevention of VTE in the first 6 to12 months after bariatric surgery, a
recommendation based on data limited to pharmacokinetic (PK)/pharmacodynamic (PD) studies with
small numbers of patients.6 Therefore, we set out to determine whether DOACs are safe and effective
in preventing recurrent VTEs in patients who have undergone bariatric surgery.

Using our institutional database, we identified all adult patients (age ≥18 years) with a history of bar-
iatric surgery who were started on anticoagulation for the treatment of VTE with apixaban or rivaroxaban
between 1 July 2013 and 30 June 2018. We performed retrospective review of charts to obtain
detailed information on patients and clinical outcomes of recurrent VTEs and bleeding from the first
prescription date to the earliest of the following: thrombotic event, discontinuation of medication, death,
or end of study period (30 June 2018). Type of surgery, body mass index (BMI), age, sex, type of
surgery, race, and indication for anticoagulation were verified. VTEs were confirmed by review of
imaging studies (compression ultrasonography, ventilation/perfusions scans, computed tomography
scans, and magnetic resonance imaging). Bleeding events were included if they met criteria for clinically
relevant nonmajor bleeding (CRNMB) and/or major bleeding according to the Subcommittee on
Control of Anticoagulation of the Scientific and Standardization Committee of the International Society
on Thrombosis and Haemostasis.7,8 The study was approved by the Montefiore Medical Center and
Albert Einstein College of Medicine Institutional Review Board.

All analyses were performed in samples stratified by medication separately. Means and standard deviations,
medians and interquartile ranges, or counts and percentages of baseline demographic and clinical char-
acteristics (age, sex, race, BMI, and follow-up time in days) were tabulated by anticoagulant cohorts (apix-
aban vs rivaroxaban). Time to event was defined as the time from first prescription date (baseline) to VTE
recurrenceor bleeding event, respectively. Patientswho hadnot experienced a specific eventwere censored
at the time of death, last confirmed date on anticoagulant, or end of the study period (30 June 2018).

We identified 102 post–bariatric surgery patients who were started on anticoagulation with rivaroxaban
(60 patients) or apixaban (42 patients) for the treatment of VTE. As depicted in Table 1, our cohort was
predominantly female (82.4%) and had a mean age of 48.5 years and median BMI of 35.7 kg/m2 at
initiation of anticoagulation. The most common bariatric surgery in both anticoagulant groups was
gastric bypass (51%), followed by sleeve gastrectomy (SG; 37.3%) and adjustable gastric banding
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Table 1. Demographics and outcomes for study population

Patients

Apixaban

(n = 42)

Rivaroxaban

(n = 60)

Total

(N = 102)

Age, y

Mean 49.0 48.3 48.5

SD 10.7 12.4 11.6

Sex

Female 33 (78.6) 51 (85.0) 84 (82.4)

Male 9 (21.4) 9 (15) 18 (17.6)

BMI, kg/m2

Median 36.3 35.5 35.7

IQR 28.4-41.5 31.5-43.7 30.1-43.1

BMI group, kg/m2

≤30 12 (28.6) 12 (20.0) 24 (23.5)

30-40 16 (38.1) 28 (46.7) 44 (43.1)

≥40 12 (28.6) 18 (30.0) 30 (29.4)

Race

White 6 (14.3) 10 (16.7) 16 (15.7)

Black 15 (35.7) 25 (41.7) 40 (39.2)

Other/declined 21 (50.0) 25 (41.7) 46 (45.1)

Bariatric surgery procedure

Gastric banding 4 (9.5) 8 (13.3) 12 (11.8)

SG 18 (42.9) 20 (33.3) 38 (37.3)

Gastric bypass 20 (47.6) 32 (53.3) 52 (51.0)

Indication for anticoagulation

Acute VTE 33 (78.6) 42 (70) 75 (73.5)

Chronic VTE 9 (21.4) 18 (30) 27 (26.5)

Follow-up duration, d

Median 137 240 187.5

IQR 61.5-375.8 97.8-652.0 82.5-627.5

Recurrent VTE 0 (0) 1 (1.7) 1 (1.0)

Major bleeding 0 (0) 3 (5.0) 3 (2.9)

CRNMB 1 (2.4) 0 (0) 1 (1.0)

Data are presented as n (%) unless otherwise indicated.
SD, standard deviation.
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(11.8%). Anticoagulation was started within 6 months after bar-
iatric surgery in 7 (11.7%) of 60 rivaroxaban patients (4 patients
within 30 days and 2 patients between 60 and 90 days) and
5 (11.9%) of 42 apixaban patients (4 patients within 30 days and
1 patient at 49 days). Anticoagulation was initiated for acute VTE in
73.5% of patients; 26.5% of patients were switched from another
anticoagulant for chronic VTE. Follow-up duration was longer with
rivaroxaban (240 days) compared with apixaban (137 days).

There were no recurrent VTE events in the apixaban group. Among
patients receiving rivaroxaban, one recurrent VTE (1.7%) occurred
in a patient with remote history of gastric bypass, chronic venous
insufficiency requiring treatment with Unna boot for ulcers, and BMI
of 54 kg/m2 at the time of recurrent event. She developed acute
deep vein thrombosis (DVT) in the left common femoral vein while
receiving rivaroxaban.
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In the rivaroxaban group, one patient had CRNMB (menorrhagia
leading to cessation of anticoagulation) and three patients, all after
Roux-en-Y gastric bypass (RYGB), had major bleeding events: one
episode of gastrointestinal bleeding, one instance of hemarthrosis,
and one admission for unexplained acute anemia requiring trans-
fusion of two units of blood. No major bleeds occurred and only
one CRNMB event was recorded in the apixaban group. There was
no statistically significant difference in composite bleeding rates
between patients receiving apixaban (2.4%) and those receiving
rivaroxaban (6.7%; P = .3).

Although the altered PDs and PKs of warfarin were demonstrated
after bariatric surgery, international normalized ratio monitoring allows
easy dose adjustments to ensure that patients remain in the desired
therapeutic range.9 Apixaban is mainly absorbed in the proximal small
intestine. It is unclear whether the lower portion of the small intestine
can compensate if absorption is impaired at this site as a result of
altered anatomy.10-12 Rivaroxaban seems to be absorbed primarily in
the stomach. Studies of rivaroxaban have shown reduced absorption
(29% decrease in area under the curve and 56% decrease in
maximum concentration) when the drug is released into the proximal
small intestine, with further reduction as the drug is released more
distally into the small intestine and colon.13,14 Therapeutic doses of
rivaroxaban also depend on food to increase absorption.15

PD studies have reported varied results. A 2017 study of 6 patients
found no significant difference in the PDs of rivaroxaban before and
after RYGB procedure, after a 10-mg dose of rivaroxaban.16 In
another study, a single 10-mg dose of rivaroxaban was administered
to 12 patients 1 day before and 3 days after bariatric surgery
(6 RYGB and 6 SG patients). Area under the plasma-concentration
time curve, peak plasma concentration, time to peak plasma con-
centration, and terminal half-life were found to be similar between
preoperative and postoperative patients. The study was limited by
the single dose of 10 mg (less affected by food intake) and short
interval between surgery and administration of rivaroxaban.

Results of another 2017 study were contradictory.17 When DOAC
levels (9 apixaban, 7 rivaroxaban, and 2 dabigatran) in 18 post–
bariatric surgery patients were compared with levels in 18 con-
trol participants (matched by age, sex, BMI, creatinine, and dose),
apixaban levels in all 9 patients were found to be within the
expected range. However, in 5 of 7 patients who received rivar-
oxaban, levels were below the expected range (4 after SG and
1 after adjustable gastric banding).

In this study of clinical outcomes in post-bariatric surgery patients
treated with DOACs for venous thromboembolism, the largest to
date to our knowledge, we report an overall low incidence of
recurrent VTEs, with no thrombotic events in patients receiving
apixaban and only 1 recurrent DVT in a morbidly obese patient
receiving rivaroxaban. Although we had a relatively small sample
size, the incidence of VTE recurrence was comparable to that
found in our previously published study of 795 patients with obesity
receiving DOACs, where we noted recurrence rates of 2.1% with
apixaban, 2% with rivaroxaban, and 1.2% with warfarin, with no
clinically significant difference between these anticoagulants.18

The concern over absorption after bariatric surgery may be leading
clinicians to withhold DOACs, which have fewer food and drug
interactions, fixed dosing, no requirements for routine monitoring,
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and decreased risk of bleeding, compared with VKAs. Prospective
studies are needed to further investigate the efficacy and safety of
DOACs in patients after bariatric surgery.
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