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To the editor,  

The prevalence of obesity has more than doubled in recent decades, including 

35% of the US population [1]. In the last decade, bariatric surgery (BS) has 

become the mainstay of treatment for morbid obesity, due to its demonstrated 

efficacy in achieving significant weight loss and in improving obesity-related 

comorbidities [2]. As the prevalence of obesity continues to rise worldwide, the 

utilization of bariatric procedures has been increasing dramatically, with over 

200,000 bariatric surgeries performed annually in the United States [3]. 

Obesity and abdominal surgery are both established risk factors for thrombotic 

complications, due to multifactorial mechanisms including platelet activation; 

elevated levels of fibrinogen and coagulation factors VIII, IX, XI and XII; and 

impaired fibrinolysis [4]. Hence, patients undergoing BS are at particularly high 

risk for venous thromboembolism (VTE) events, including pulmonary embolism, 

deep vein thrombosis and portal-splenic-mesenteric venous thrombosis, with an 

overall incidence of up to 3% [5]. This increased thrombotic risk extends well 

beyond the hospitalization period, with 70-80% of VTE events occurring 

following discharge [6]. Thus, anticoagulation is often indicated in post-BS 

patients who experienced a thrombotic complication. Moreover, since obesity is 

an established risk factor for atrial fibrillation and VTE, approximately 3% of 

patients who undergo BS receive chronic anticoagulation therapy [7]. Finally, 

many of the patients who undergo BS require prophylactic anticoagulation 

therapy for several weeks following surgery, due to sustained enhanced 

procoagulant potential [8]. 
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In the last decade, direct-acting oral anticoagulants (DOACs) have emerged as 

alternatives to vitamin K antagonists in stroke prevention in atrial fibrillation, as 

well as in the prevention and treatment of venous thromboembolism [9]. Four 

DOACs are currently approved: rivaroxaban, apixaban, edoxaban (direct factor 

Xa inhibitors) and dabigatran (direct thrombin inhibitor) [9]. Their introduction 

represents a major advance in oral anticoagulation therapy. In contrast to vitamin 

K antagonists, DOACs have few drug-drug interactions and more predictable 

pharmacokinetics. The latter enables administration in fixed doses, thus 

eliminating the need for routine coagulation monitoring [10]. 

Physiologic and anatomic changes following BS may affect gastrointestinal 

absorption of drugs by several mechanisms [11]. First, the exclusion of major 

sites of absorption (the stomach in sleeve gastrectomy; the duodenum and 

proximal jejunum in gastric bypass) can potentially hamper drug bioavailability 

[12]. Second, impaired ingestion of large amounts of food may reduce the 

absorption of some medications including certain DOACs, as their bioavailability 

largely depends on their co-administration with food [12]. Further, BS may 

reduce the intestinal first pass metabolism of drugs by the intestinal cytochrome 

P450 (CYP) 3A4, which is also involved in the metabolism of DOACs. Finally, 

certain pharmacokinetic parameters, such as distribution volume and drug 

clearance may be substantially altered following BS [12]. 

Therefore, whether DOACs reach adequate blood levels following BS is a 

potential concern, in light of the fact that fixed doses of these drugs were 

determined according to healthy individuals with normal gastrointestinal 

anatomy. Moreover, as DOACs themselves differ in terms of site and degree of 

absorption and metabolism pathways, BS may differentially affect specific 
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DOACs [10]. Yet, the use of DOACs has been investigated only scarcely in the 

post-BS setting. 

We recently reported our results of a case control study including 18 post-BS 

patients and 18 controls matched for age, gender, body mass index and renal 

function [13]. In all patients, DOAC levels were measured at their predicted time 

to peak concentration. While apixaban and dabigatran levels were comparable 

between the groups, levels of rivaroxaban were significantly lower among the 

post-BS group, and most of them had levels below the expected range. 

The potential for reduced DOAC levels among post-BS patients using 

rivaroxaban following sleeve gastrectomy, probably results from the reduction in 

stomach surface area, which is a major site for rivaroxaban absorption. Moreover, 

in contrast to the other DOACs, rivaroxaban's bioavailability is highly dependent 

on ingestion with food; thus, the reduced caloric intake following BS, can also 

contribute to decreased rivaroxaban levels [14]. Our findings concur with data 

that showed a 56% decreased level when rivaroxaban was released directly into 

the proximal small intestine. The latter finding led the manufacturer to 

recommend against rivaroxaban administration distal to the stomach [14]. 

Paradoxically, as shown in our study and in a previous report [15], among post-

gastric bypass patients, reduction in the intestinal metabolism of rivaroxaban due 

to exclusion of the duodenum and proximal jejunum, in which the expression of 

CYP 3A4 is the highest, might compensate for the decreased absorption in the 

stomach. It is worth noting that a recent small study by Kröll et al. demonstrated 

no pharmacokinetic changes among post-BS patients who were administered a 

single prophylactic dose of rivaroxaban (10 mg) in the immediate postoperative 

period [16]. Their apparent discrepant results may be accounted for by the lack of 
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steady-state concentrations and by increased postoperative gastric time, which 

may allow for enhanced absorption and eliminate the effect of food intake on the 

absorption of prophylactic doses of rivaroxaban [14]. In the same cohort, the 

same team has completed a subsequent clinical trial, in which they explored the 

use of a prophylactic dose of rivaroxaban remotely (6-8 months) from surgery 

(ClinicalTrials.gov identifier: NCT02832947); the results should be extremely 

interesting. 

As we clearly indicate in our paper, our preliminary study had several important 

limitations, such as the relatively small sample size and lack of complete 

pharmacokinetic profile. Nonetheless, we believe it raises a potential concern 

regarding the use of DOACs, particularly rivaroxaban, in the setting of BS, and 

has important implications for patients' management and outcome. 

Prior to our study, there were no published case reports or studies of apixaban use 

following BS. In our investigation, peak apixaban levels following BS were 

within the expected range, which may reflect its absorption throughout the 

gastrointestinal tract, mostly within the distal small bowel and ascending colon. 

In the current literature and in our cohort, none of the patients used edoxaban. 

Nevertheless, as stomach solubility appears to be crucial for its optimal 

absorption, its use following sleeve gastrectomy may be particularly problematic. 

Dabigatran capsules are designed for dissolution in the stomach [17]. In our 

study, two patients who underwent sleeve gastrectomy had peak levels within the 

expected range. This contrasts with two other reports of patients who underwent 

gastric bypass and who reportedly had subtherapeutic dabigatran levels [18, 19].  

In fact, the true site of dabigatran absorption is unknown and is perceived to 
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occur in the lower stomach and duodenum, due to its rapid time to peak levels 

[17]. In light of the paucity of data, it is currently difficult to draw conclusions for 

dabigatran use following BS. 

The 2016 Scientific Committee of the International Society on Thrombosis and 

Haemostasis (ISTH) recommends that DOACs should not be used in patients 

with a BMI >40 kg/m
2
 or a body weight of >120 kg. If used, measurement of 

peak and trough levels of DOACs is recommended [20]. Accordingly, we believe 

that DOACs should be used in extreme caution following BS. Although testing 

drug-specific blood levels seems important in this population, whether it could 

serve as a reliable surrogate marker for sufficient anticoagulation therapy in this 

setting is currently unknown. Given that vitamin-K antagonists can be easily 

monitored, they may be a better choice, until more data on DOAC use in this 

population are available. However, in the immediate postoperative period, in 

which the management of vitamin-K antagonists can also be challenging, and 

achievement of optimal anticoagulation control can be difficult [7], the use of 

low-molecular weight heparin should be preferred for those who require either 

therapeutic or prophylactic anticoagulation therapy.   
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