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Abstract 
 
Introduction: Rates of obesity have been increasing worldwide and with the 
current situation obesity now represents an epidemic. Bariatric surgery is one the 
most effective ways to help reduce weight and sustain weight loss. Venous 
thromboembolism is a major cause of morbidity and mortality among bariatric 
surgery patients with no clearly established guidelines on prophylaxis.  
 
Areas covered: In this review the authors summarize clinical studies evaluating 
unfractionated heparin (UFH) and low molecular weight heparins (LMWH) in 
bariatric surgery patients. The authors present studies that assessed venous 
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thromboembolic (VTE)-related risk stratification but also various dosing 
regimens of heparin products in this population of patients. Moreover, the authors 
will also present the feasibility of using direct oral anticoagulants (DOACs) for 
venous thromboembolism (VTE) prevention along with providing a summary 
of few current guidelines for VTE prevention in bariatric surgery patients. 
 
Expert opinion: Based on the data presented in this review, the authors 
conclude that LMWHs may be better options than UFH for VTE prophylaxis in 
bariatric surgery patients. We also conclude that risk stratifying bariatric patients 
may be a better approach when deciding on the best thromboprophylaxis 
modality, dose and duration. 
 
Keywords: anti-Xa, bariatric surgery, direct oral anticoagulants, low molecular 
weight heparin, prophylaxis. venous thromboembolism 
 
 
 

1. Introduction 

 

 In the past decade obesity was declared an epidemic with the projection 

that by 2030, 58% of the world’s population will be obese (1). Bariatric surgery 

remains one of the most effective methods for sustained weight loss among 

morbidly obese patients (2). Bariatric surgeries encompass procedures causing 

gastric restriction (as in gastric banding and gastric sleeve), or combination of 

gastric restriction and malabsorption as in Roux-en-Y gastric bypass and 

duodenal switch. However, venous thromboembolism (VTE)  continues to be a 

significant cause of morbidity and mortality among bariatric surgery patients with 

a 1-3% incidence of symptomatic deep vein thrombosis (DVT) and 0.3-2% 

incidence of symptomatic pulmonary embolism (PE) during and after bariatric 

surgery (3-5).  

 

  Obesity itself is an independent risk factor for DVT and PE (6). Ageno et 

al. estimated an OR of 2.3 VTE incidence in obese patients, which is similar to 

other established risk factors such as Factor V Leiden and estrogen use (7). 

Proposed mechanisms for the increased risk of VTE (venous thromboembolism)  

in obese patients are not only limited to clinical factors such as immobility and 

venous stasis, but also due to a chronic inflammatory state created by the 
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adipose tissue that dysregulates metabolic hemostasis (6). Adipose tissue 

secretes inflammatory cytokines causing recruitment of pro-inflammatory M1 

macrophages and secretion of TNF alpha and IL-6, which activates the 

prothrombotic signaling pathway in vascular cells and impairs fibrinolysis by 

increased expression of plasminogen activator inhibitor-1 (6). Additionally, the 

bariatric procedure itself increases intrabdominal pressure creating oxidative 

stress and endothelial dysfunction (1).  

 Finks et al. further identified risk factors for VTE in bariatric surgery 

patients. Patient-related risk factors include male sex, age above 60, smoking 

status, and BMI. Procedure-related risk factors include open bariatric procedures, 

an operative time greater than 3 hours, and anastomotic leaks. (8) Despite the 

wide spread use of laparoscopic surgery, the incidence of VTE is still high 

reaching up to 2 % (9). Postoperative complications increase the risk of VTE, 

major complications occurred in 22.6 % prior to VTE in a study done by Helm et 

al. (10) 

 

 Strategies to reduce VTE risk include mechanical (compression devices, 

early ambulation, inferior vena cava filter) or pharmacologic (heparin, LMWH (low 

molecular weight heparin), and DOACs (direct oral anticoagulants)) but there is 

no consensus on the safest or most effective thromboprophylaxis strategy for 

bariatric surgery patients. Furthermore, optimal dosing of pharmacologic 

prophylaxis is unclear among obese patients as they are usually excluded from 

clinical trials.  

   

Although most of the studies done on the topic are retrospective and 

observational, few, however, are randomized controlled trials; hence the level of 

evidence is generally weak.  

The goal of this review is to provide an update on the existing literature 

concerning VTE prophylaxis in bariatric surgery patients, shed light on eagerly 

needed areas of research and suggest our approach to VTE prophylaxis in this 

subset of patients.  
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2. Risk-adjusted approach to VTE prophylaxis 

 

 Commonly used VTE risk calculators include Kucher, Rogers, Caprini, 

Pannucci, and Scarborough (11-16). Nonetheless, Caprini’s risk score is the 

most widely used and validated for VTE risk in multiple disciplines of surgery but 

not specifically for bariatric surgery (17-20). 

Aminian et al. performed a case-controlled study that examined VTE risks in 

patients undergoing bariatric surgery between 2007-2012, and they attempted to 

develop the first risk calculator to guide anticoagulation use post-discharge from 

the hospital. Regression-based techniques were used to create 

a risk assessment tool to predict risk of post-discharge VTE. The model was 

validated using the 2013 American College of Surgeons-National Surgical Quality 

Improvement Program dataset. 

The outcome measured was VTE rates within 30 days post-operatively confirmed 

by imaging and requiring treatment. The strongest risk factors included 

congestive heart failur2 (CHF) (OR 6.58), paraplegia (OR 5.71), return to 

operating room (OR 5.11), dyspnea at rest (OR 3.95), non-gastric band surgery 

(OR 2.44), age > 60 years (OR 1.96), Male (OR 1.92), BMI >/ 50 kg/m2 (OR 

1.67), length of stay (LOS)  >/ 3 days (OR 1.58), and operation time >/ 3 hours 

(OR 1.57). The team was able to generate a risk model that was calibrated using 

Hosmer-Lemeshow. The test is available at http://www.riskcalc.org which has 

better predictive value than BMI alone. However, the history of previous VTE and 

hypercoagulable disorders were not included in the database (3). In fact, 

thrombophilia has been shown in some reports to be prevalent in obese patients 

and thus could be an important risk factor for development of VTE in these 

patients (21). For example, Hollander et al reported protein S deficiency to be 

significantly more prevalent in obese patients versus controls (2.97% versus 

0.21%)(1) . 

Another predictive tool was developed by Dang et al. called the BariClot using 

history of VTE, operative time, race and functional status. It predicted the risk of 
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VTE and thus stratified patients to very high, high, medium and low risk groups. 

Which therefore allows for an informed clinical decision for the choice of 

anticoagulation and VTE prophylaxis.(22) 

 

  

3. Pharmacologic agent, dosing, duration 

 

3.1 UFH (unfractionated heparin) and LMWH (low molecular weight heparin) 

 

 To our knowledge, there are no randomized controlled trials have been 

conducted comparing unfractionated heparin, LMWH, and oral anticoagulants for 

efficacy and safety in the prevention of VTE prophylaxis in bariatric surgery 

patients; rather, most of them involved medically ill hospitalized obese patients 

(23). 

 

Birkenmeyer et al., using The Michigan Bariatric Surgery Collaborative, 

conducted an observational cohort study to compare different methods of VTE 

prophylaxis pre and postoperatively: UFH (pre)/UFH (post), UFH (pre)/LMWH 

(post), LMWH (pre)/LMWH (post). They found a significantly lower VTE incidence 

in the UFH/LMWH group (57%, OR=0.43, p<0.03) and LMWH/LMWH (66%, 

OR=0.34, p<0.001) compared to UFH/UFH that was used as a reference for 

comparison, with no significant difference in in the rates of hemorrhage among 

the treatment strategies.  

High-risk subgroup (predicted risk of VTE ≥1% using their predictive model) 

comprised only 5% of the total study population; which was reflected in the 

finding of no statistically different outcomes among treatment groups in this 

population.   

As a conclusion from this study,  low-molecular-weight heparin is more effective 

than unfractionated heparin for the prevention of postoperative VTE among 

patients undergoing bariatric surgery with no increased rates of bleeding (24). 
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A limitation of this study was that neither the doses nor the duration of 

anticoagulation were discussed.  

 

The EFFORT trial, a pilot randomized double-blind trial compared fondaparinux 

(direct anti-factor Xa inhibitor- AFXA inhibitor) given postoperatively at 5 mg 

subcutaneously versus enoxaparin (LMWH) given pre and postoperatively at a 

dose of 40 mg subcutaneously twice daily as VTE prophylaxis strategy to reduce 

the incidence of VTE in patients undergoing laparoscopic bariatric surgery. Both 

medications were given during the hospital length of stay of the patients then 

discontinued upon discharge from the hospital. The average length of stay was 

2.5 days. It was found that although fondaparinux was more effective at 

maintaining recommended AFXA activity level,  both regimens were equally 

effective with insignificant rates of DVT (2.4% versus 2.2%( p =1.00)) (25).  

 

In another effort to determine the efficacy of LMWH in preventing VTE, Abuoglu 

et al. recently published another approach: LMWH (nadroparin 0.2 ml) was given 

12 hours before and restarted 24 hours after surgery (nadroparin 0.4 ml for 15 

days post-surgery) in 368 patients and found that the DVT incidence was 0% 

even after 36 months follow up. However, this study may have underrepresented 

the incidence of DVT as only symptomatic DVTs were assessed (26). 

 
 

3.2. Dosing of heparin and LMWH  

 

 Another layer of complexity to bariatric VTE prophylaxis is the dosing of 

pharmacologic agents.  The safety and efficacy of heparin and LMWH dosing in 

the obese population are unclear as obese patients are often excluded or 

underrepresented in randomized controlled trials.  

 Heparin has a narrow therapeutic window and nonlinear pharmacokinetic 

profile, making it challenging to dose. Prophylactic VTE dosing for heparin is 

fixed and typically administered at 5,000 units subcutaneously every 8 hours, 
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while therapeutic heparin is dosed according to weight and adjusted according to 

aPTT (activated partial thromboplastin time).  

 Heparin dosing has been shown to be variable in relation to patients’ body 

weights.Shin et al. explored the dosing regimens of heparin in obese patients 

receiving heparin infusions through retrospective chart review at one institution. 

Patients were assigned to four different weight categories, <100kg, 100-124kg, 

125-150 kg, and >150kg and compared to weight-matched controls. There was a 

significant difference in time to therapeutic aPTT based on TBW (total body 

weight) in all four groups, but most pronounced in the >150kg group where more 

than 30% in this group remained subtherapeutic in the first 24 hours. Mean first 

therapeutic heparin doses were smaller in the larger weight groups with an 

average dosing regimen of 11.3-13 units/kg per hour compared to controls who 

received 16 units/kg per hour (27).  

A meta-analysis performed by Ikesaka et al. looking at the efficacy and safety of 

weight adjusted unfractionated heparin found that patients receiving weight-

adjusted prophylaxis (defined as doses higher than 5000 IU subcutaneously 

every 8 hours or as the use of a subcutaneously UFH protocol adjusting the dose 

based on weight and level of AFXA) had lower rates of VTE (0.54 versus 2 %) 

with no increased risk of bleeding (28). However, physicians often deviate from 

this method. 

 
 

    Concerning low molecular weight heparin, a randomized controlled trial 

performed by Miranda et al., showed that the attainment of therapeutic AFXA 

level (0.32-0.54IU)  was achieved with a higher dose  enoxaparin (60mg ) versus 

40 mg with an average AFXA level of 0.25 ± 0.09 IU/mL in group 1 (received 

enoxaparin 40 mg subcutaneously daily) versus 0.35 ± 0.13 IU/mL in group 2 

(received enoxaparin 60 mg subcutaneously daily) (P=0.001) (23). 

 

Simoneau et al. assessed the effect of a fixed dose of dalteparin (7500 IU) on 

AFXA level in the morbidly obese patient and found that 60 % of patients had a 
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therapeutic range of AFXA levels. They demonstrated that patients with 

increased weight (>181 kg) had a higher probability of subtherapeutic AFXA level 

(29). 

 

Tseng et al. attempted to evaluate weight adjusted tinzaparin with 75 IU per kg 

for 10 days after surgery, VTE rates were 0.5% at 30 days, with major bleeding 

occurring in 1.6% with in hospital VTE rates of 0l2% and 1.8%. authors 

concluded that the use of extended thromboprophylaxis reduces VTE rates and 

appears to be a safe strategy. (30) 

 

     Another study done by Scholten et al. (31) compared the use of LMWH 

enoxaparin 30 mg twice daily versus 40 mg twice daily . All patients received a 

unified protocol that included early ambulation, graduated compression 

stockings, and intermittent pneumatic compression.  This comparison yielded 

results consistent with lower risk of DVT with the higher dosing (5.4% vs 0.6% 

with p<0.01) with no significant difference in bleeding (31). 

 

3.3. Anti-Xa level monitoring 

 

     LMWH strongly inhibits Factor Xa by binding antithrombin;therefore the 

activity can be monitored via serum levels of AFXA and not aPTT.(32). The peak 

level of AFXA level is reached 3-5 hours after administration of the third dose 

(33, 34). 

     Target AFXA levels have been relatively well defined for therapeutic doses of 

LMWH in several studies (1, 4, 24, 25), but not well defined for prophylactic 

doses, especially in obese patients due to lack of pharmacokinetic profile. From 

the studies published to date, we concluded that a reasonable AFXA target range 

for LMWH VTE prophylaxis might be 0.2-0.5 IU/mL (35).  

     Because LMWH is administered subcutaneously, it has been theorized that 

absorption may be prolonged in obesity (36). However, if the volume of 

distribution is limited to intravascular volume, then dosing by total body weight 
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may lead to supratherapeutic dosing and increased risk of hemorrhage, leading 

some to suggest using BMI or lean body weight for dosing (37). As of 2012, 

CHEST guidelines recommend AFXA monitoring when total body weight 

exceeds 150kg, but this rationale has been challenged by various studies, some 

mentioned below, which question whether AFXA levels correlate with clinical 

events such as thrombosis or bleeding in obese populations.   

 In a retrospective case series , Paige et al. compared the bleeding risk 

and the anti-Xa levels among patients who had undergone gastric bypass and 

received BMI-dosed LMWH regimens (32). There was no statistical difference 

between the average AFXA value between groups that had been transfused for 

bleeding events and those who had not.  

 In a comprehensive literature review, Egan et al. found that monitoring 

AFXA levels had no impact on clinical outcomes on VTE or bleeding between 

obese and normal weight individuals because of the pharmacodynamics/kinetics 

of LMWH (36). The volume of distribution is proportional to the dose and total 

body weight. Clearance does not differ between obese and normal weight 

individuals as it follows typically first order kinetics. In any particular clinical 

scenario, patient-specific risk factors for thrombosis and hemorrhage should be 

considered. Given currently available data, determining AFXA concentration 

would not significantly affect the decision-making process. This review included 

clinical pharmacokinetic data in obesity and evaluated more LMWH entities (e.g., 

tinzaparin, bemiparin, nadroparin, logiparin, parnaparin) than the 2009 state-of-

the-art review by Nutescu and others. Consistency in pharmacokinetics and 

clinical outcomes across many LMWHs thus strengthens the conclusions 

reached in the current study (34, 36). In another study done by schinjns et al. in 

2018 suggested that the anti Xa activity is inversely correlated with total body 

weight TBW. Thus patients with increase in  TBW  had insufficient anti-Xa 

activity.(38) 

Additionally, Gaborit et al. concluded in a prospective monocenter study using 

dalteparin 5000 IU twice daily that lean body weight and estimated glomerular 

filtration rate are the main factors influencing anti Xa level.(39)  
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 To date, there has been no RCT comparing clinical outcomes in obese 

populations according to AFXA. AFXA levels may be a flawed marker for LMWH 

activity. For instance, Brophy et al.  suggested that in patients with impaired renal 

function, thrombin generation time may be a better marker of activity as smaller 

active heparin fragments not measured by AFXA activity can accumulate and 

increase bleeding risk. (40) 

 Based on the existing data, the authors do not recommend using AFXA 

levels to monitor LMWH activity in obese populations. However, this 

recommendation cannot be extrapolated to other special populations such as 

those with malignancy, renal impairment, inherited coagulopathies, and 

pregnancy.  (refer to table 1) 

 

3.4. Oral anticoagulants  

 

 Direct oral anticoagulants (DOACS) offer a convenient option for 

anticoagulation as they have fixed dosing and a wide therapeutic range. 

However, studies to determine therapeutic range were conducted in healthy 

individuals with normal absorptive capacity, which may not be easily extrapolated 

to obese patients with surgically altered GI absorption due to gastric bypass.    

 There is limited data on the use of DOACs in bariatric patients. Hakeam et 

al.  reviewed the literature on the use of DOACS in major GI tract surgeries 

(resection or bypass), which consisted of mainly case reports and case 

series.(41) DOACs have varying bioavailability based on P-glycoprotein (P-gp) 

efflux transporter, cytochrome P450, and the amount of GI surface area available 

(41). Rivaroxaban was shown to have the highest bioavailability (80%), followed 

by edoxaban(61%), apixaban(50%), and dabigatran(7%).  DOACs are substrates 

of the P-gp efflux transporters, which are found on the apical membranes of the 

gastrointestinal (GI) tract and pump substrate into the intestinal lumen, thereby 

limiting their absorption. The expression of P-gp is lowest in the duodenum and 

highest in the distal ileum. Therefore, gastric bypass can expose the distal 
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segments of the bowel where P-gp is highly expressed, which could decrease 

DOAC bioavailability.  

 Rivaroxaban and edoxaban are mainly metabolized in the stomach. When 

rivaroxaban is released directly into the small intestine without passing through 

the stomach, absorption is reduced by 29-56% (41).  Theoretically, this would 

make them poor VTE prophylaxis agents for bariatric surgery, particularly in 

procedures that reduce stomach size. On the other hand, Apixaban is absorbed 

independently of pH in the distal small bowel, making it theoretically safe in 

patients with small gastric pouches or remnant stomachs with no bowel 

resections. However, further studies are needed to confirm these claims. 

Dabigatran is a reversible direct inhibitor of thrombin and administered as a pro-

drug which is activated by serum and hepatic esterase. It is administered with 

tartaric acid spherules in order to reduce its variability of absorption that is 

dependent on the acidic environment, which is why it is often associated with 

dyspepsia. Theoretically, Dabigatran also makes a poor choice for bariatric VTE 

prophylaxis with the added complication of increased risk of marginal ulcer 

formation.  Based on the lack of clinical data, DOACs are still best avoided as 

first-line anti-coagulation in patients who have undergone bariatric surgery.  

 Interestingly, little literature exists to our knowledge on the use of vitamin 

K antagonists (VKA) for VTE prophylaxis in bariatric surgery patients. A study led 

by Betchel et al. showed higher rates of bleeding in patients receiving VKA 

(warfarin) with higher readmission rates (10%) in the first 30 days post discharge. 

Therefore, extrapolating from the above plus knowing that appropriate dosing 

requires bridging, INR monitoring, diet restrictions and knowledge of medications 

interaction, Warfarin is currently not an appropriate prophylactic agent in the 

bariatric surgery population. 

 

 

3.5. Duration of anticoagulation  
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   Bariatric surgery patients have an increased risk for venous thromboembolism 

postoperatively especially due to immobilization. Early ambulation is essential in 

this population as well as the use of mechanical prophylaxis. Mechanical 

prophylaxis use and its duration is mostly used based on discretion of the 

treating surgeon. To date, there are no randomized trials comparing mechanical 

prophylaxis to chemoprophylaxis but rather data is merely based on retrospective 

studies that mostly excluded high risk bariatric patients (43, 44). Patients at 

increased risk of bleeding would most likely benefit from mechanical prophylaxis 

during the duration of decreased mobility, taking into account the practical 

problems associated with their use in obese patients.  The duration of 

anticoagulation in the postoperative phase is variable and not well defined in the 

literature. Froehling et al. demonstrated an increasing  risk of postoperative VTE 

from 0.3 to 1.9 % up to 30 days post-discharge (4). Another study done by 

Moaad et al. mentioned earlier showed the presence of alteration in the 

coagulation profile up to two weeks post-bariatric surgery; thus suggesting to 

possibly anticoagulated patients for at least 2 weeks post operatively (42).  

Other Studies done for extended post-discharge VTE prophylaxis showed 

improved VTE rates with no difference in bleeding events with the use of 

pharmacological thromboprophylaxis. Raftopoulos et al. included 308 patients 

divided into two groups 132 patients receiving enoxaparin 30 mg twice daily until 

discharge and enoxaparin 40 mg daily ten days post discharge. The rate of VTE 

was 4.5 % in the first group and none in the second group with a p=0.006, and no 

increased risk of bleeding with most of the thrombotic events occurring post-

discharge (45). 

     

 

 

4. Current guidelines 
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 The American College of Chest Physicians (refer to table 2) and the 

Society for Bariatric surgery currently recommend that pharmaco-prophylaxis and 

mechanical VTE prophylaxis be administered to all bariatric surgery patients.  

Aminian et al. and Martin et al. have proposed guidelines based on risk factors 

(3) (47).Aminian et al. recommend risk stratifying bariatric surgery patients based 

on the risk calculator described above into moderate, high, and very high-risk 

categories.  In moderate-risk patients, i.e., all bariatric surgery patients with no 

additional risk factors, they recommend early and aggressive post-operative 

mobilization, pneumatic compression, and in-hospital prophylaxis. (3) In high-risk 

patients, i.e., VTE risk > 0.4%, a history of DVT/PE, hypercoagulable disorder, or 

chronic venous insufficiency, they recommend adding discharge prophylaxis for 

two weeks. In very high-risk populations, i.e., VTE risk >1%, they recommend 

post-discharge prophylaxis for four weeks, LMWH dosing based on AFXA levels, 

and to consider screening these patients with DVT duplex. 

 
     Flaws in these recommendations are that there have still been no RCTs to 

determine optimal dosage and duration of VTE prophylaxis in bariatric surgery 

patients.  

  

The European society of anesthesiology VTE Guidelines Task Force published in 

2018 guidelines on perioperative venous thromboembolism prophylaxis in 

patients undergoing bariatric surgery. They divided patients into low risk and 

high-risk patients. High-risk patients were defined as any of the following, or 

combinations: age >55 years, BMI >55 kg m2, history of VTE, venous disease, 

sleep apnea, hypercoagulability or pulmonary hypertension.  

They suggested the use of anticoagulant or IPC (intermittent pneumatic 

compression) for the low-risk patient. For high-risk patients the recommendations 

were to combine IPC and anticoagulation during or after a bariatric procedure. 

They recommended the use of LMWH with 3000 to 4000 IU subcutaneously 

every 12 hours for low-risk patients and 4000 to 6000 IU every 12 hours for 
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patients with high-risk of VTE. Extended prophylaxis for patients with a high risk 

of VTE during post-discharge periods for 10 to 15 days (48). 

The use of inferior vena cava filters IVCF is still controversial with no clear safety 

and efficacy for its use. The use of temporary IVCF is suggested when full 

pharmacologic or mechanical thromboprophylaxis are fully contra indicated . (49) 

 

 LMWH is approved by the FDA for VTE prophylaxis at a fixed dose, while 

weight-based dosing is used for the treatment of VTE. There is no consensus on 

the proper dosing regimen in obese patients as fixed dosing may not provide 

sufficient anticoagulation and weight-based dosing may make obese patients’ 

anticoagulation supratherapeutic(34, 50). Studies on dosing of LMWH specifically 

enoxaparin for VTE prophylaxis have mainly been done on medically ill obese 

patients rather than bariatric patients and have supported weight-based dosing at 

0.5mg/kg for maintaining patients in the recommended AFXA level range (51, 

52).  

 

5. Conclusion  

 In summary, the authors advocate a risk-adjusted approach to VTE 

prophylaxis using the risk calculator developed by Aminian et al. and modulating 

therapy based on risk. Randomized controlled studies are necessary to explore 

optimal postoperative duration of VTE prophylaxis and comparison of an 

anticoagulant agent (LMWH, UH, and DOACs).  At this time, the authors do not 

recommend the use of DOACs in bariatric surgery patients given the lack of data 

and the theoretical risk of altered pharmacodynamics based on altered GI tract 

anatomy and absorption. According to the available data, LMWH and UFH 

appear equally useful for VTE prophylaxis in bariatric populations with no 

consensus on weight-based dosing versus fixed.  There is no evidence to 

support the use of AFXa levels to titrate LMWH dose in bariatric populations as 

they do not appear to correlate clinically to thrombosis or bleeding events. New 

markers of LMWH activity need to be explored such as thrombin generation time.  
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Further studies should explore the use of antiplatelet agents in reducing VTE risk 

in bariatric populations.  

 

 

6. Expert opinion 

Bariatric surgery patients are at increased risk of thrombosis but also bleeding. 

Finding the balance between both risks entail proper evaluation of risk factors, 

whether patient related or procedure related, but also require the presence of 

interventions proven to be effective in this population of patients. Based on the 

ACCP guidelines, bariatric surgery is considered at moderate risk for VTE based 

on Rogers score or Caprini score. Therefore, the suggested recommendations, 

for those not at high risk of bleeding, include LMWH, low-dose unfractionated 

heparin, or mechanical prophylaxis (preferably IPC)(20) . The lack of randomized 

controlled trials has likely limited guideline developers from considering bariatric 

surgery patients a unique population of patients when assessing risks of VTE 

postoperatively. Moreover, to date, there are no reliable evidence-based risk 

assessment tools that can guide clinicians when determining the VTE 

prophylaxis modalities and duration of use in bariatric patients. Many risk factors 

have been identified in the literature and they include prior VTE, higher body 

mass index (BMI), age, gender, immobility, obesity hypoventilation syndrome, 

pulmonary hypertension, venous stasis disease, operative time, thrombophilia 

and type of operation. There is no one risk stratification model that incorporates 

all these factors together thus limiting the validity of clinical outcomes in the 

respective studies. (8, 53-56). 

The lack of randomized high-quality data comparing various pharmacologic 

modalities also has generated ambiguity in terms of the proper choice of 

anticoagulation for prophylaxis in this population of patients. Many of the 

available studies compare different dosing regimens with lack of control groups 

and also enroll small number of patients thus limiting clinically meaningful 

conclusions(57). 
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However, upon evaluation of current data, LMWHs seem to be more effective 

than UFH for prevention of VTE in bariatric surgery patients with no increased 

risk of bleeding.  

Dosing of parenteral heparins in obese patients poses another challenge in this 

population as they are at risk of thrombosis and bleeding at the same time. 

Although AFXa monitoring seems to be a plausible method of ensuring patients 

are in the therapeutic ranges (not well defined for prophylaxis), time to reach the 

therapeutic level based on higher dosing of heparins did not correlate with 

improved VTE-related or bleeding clinical outcomes in the current available data. 

We believe that an approach similar to the one adapted by the European society 

of anesthesiology VTE Guidelines Task Force (table 2) be used when clinicians 

are deciding on VTE prophylaxis strategies for their bariatric patients. Bariatric 

patients are heterogeneous in their risk profiles (along with the characteristics of 

surgery used) and thus personalizing the strategy used may lead to more 

effective prophylaxis. 

Randomized controlled trials are eagerly needed to evaluate all aspects of 

thromboprophylaxis in bariatric surgery patients. These aspects include methods 

of prophylaxis (pharmacologic and/or nonpharmacologic), various pharmacologic 

agents (parenteral or oral), dosing, duration of anticoagulation and risk 

stratification. These trials could be difficult to appropriately conduct as they most 

likely require multicenter approach with involvement of high number of patients 

as the incidence of VTE in bariatric surgery is relatively low.  

 

Article highlights 
 

• Venous thromboembolism remains to be an important source of morbidity 
and mortality for bariatric surgery patients. 

• Patient-related risk factors for VTE in bariatric surgery patients include but 
not limited to age, gender, smoking/hormone use, BMI, previous VTE, 
thrombophilia, immobility, venous stasis, pulmonary hypertension, and 
obesity hypoventilation syndrome. 

• Procedure-related risk factors include open bariatric procedures, and long 
operative time. 
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• Though not based on randomized controlled trials, current data suggest 
that LMWH is more effective than UFH in preventing VTE with no increase 
in bleeding risk.  

• There is no clear data on proper dosing of heparins in bariatric patients 
though many suggest higher dose LMWH in those with higher BMI. 

• DOACs, though convenient, are not currently an appropriate method of 
prophylaxis due to lack of data and also to their 
pharmacodynamics/kinetics properties. 
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Table 1: Summary of characteristics and outcomes of included studies for 
prevention of venous thromboembolism in bariatric surgery patients 
 
 
 

Reference
s 

Design N= 
Method of 

Anticoagulation 

Dosing of 
Anticoagul

ation 

Duration 
of 

Anticoagul
ation 

VTE 
Incide

nce 

Bleed
ing 
risk 

Birkmeyer 
et al. (24) 

Prospective 
cohort 

4,40
2 

Pre and post op UFH NR NR 0.68 0.46 
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4,48
2 

1. Pre op UFH and 
postop LMWH 

NR NR 0.29 0.6 
2. Pre and postop 
LMWH 

15,8
91 

Pre and post op 
LMWH 

NR NR 0.25 0.38 

Imberti et 
al. (60) 

Prospective 
randomized 

trial 

131 
Pre- and post-op 
LMWH 

Parnaparin 
4,250 U 

q24h 
14.1 days 

PE 
0.76 

6.1 

119 
Pre- and post-op 
LMWH 

Parnaparin 
6400 U 
q24h 

14.1 days 
DVT 
0.76 

  

Borkgren- 
Okonek et 

al(61)  

Prospective 
cohort 

124 
Pre-op UFH Post-op 
and post-discharge 
LMWH 

UFH 5000 
Postop 

enoxaparin 
40 mg 

q12h for 
BMI<50, 
with dose 

adjusted as 
per AFXA 
level Post-
discharge 

Enoxaparin 
once daily 

Pre-op and 
10 days 

post-
discharge 

0.8 3.2 

99 
Pre-op UFH Post-op 
and post-discharge 
LMWH 

UFH 5,000
Post-op 

enoxaparin 
60 mg 

q12h for 
BMI >50 
Post-op 

dose 
adjusted by
antifactor-
Xa level 

Post-
discharge 

enoxaparin 
once daily 

Pre-op and 
10 days 

post-
discharge 

0 1 

Frantzides 
et al (43) 

Prospective 
cohort 

435 SCD and LMWH 
Enoxaparin 

40 mg 
q12h 

NR 
PE 1.1 

4.8 DVT 
1.6 

Kothari et 
al. (62)  

Prospective 
cohort 

238 LMWH 
Enoxaparin 

40 mg 
q12h 

Pre-op to 
discharge 

0 5.9 

238 UFH 
5,000 U 

q8h 
Pre-op to 
discharge 

0.42 1.3 

Hamad 
and 

Choban(5) 

Prospective 
cohort 

180 Post-op LMWH 
Enoxaparin 

40 mg 
q12h 

0.5–1.5 
(range) 

PE 0.6 
1.7 

DVT 0 

84 Post-op LMWH 
Enoxaparin 

40 mg 
q24h 

0.5–5 
(range) 

PE 1.2 
0 

DVT 0 

180 Post-op LMWH 
Enoxaparin 

40 mg 
q24h 

0.5–1 
(range) 

PE 0 
1.7 

DVT 0 

100 Pre-op LMWH Enoxaparin NA PE 2 0 
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30 mg 
once 

DVT 0 

124 Post-discharge LMWH 
Enoxaparin 

30 mg 
q24h 

10 
PE 1.6 

0.8 DVT 
0.8 

Steele et 
al.(25) 

Randomized 
controlled 

trial 

71 
Pre and post-op 
LMWH 

Enoxaparin 
40mg q12h 

Pre-op and 
post-op to 
discharge 

2.4 5.1 

66 Post-op fondaparinux 
Fondaparin

ux 5 mg 
q24h 

Post-op to 
discharge 

2.2 3 

Kalfarentz
os 

et al. (57) 

Randomized 
controlled 

trial 

30 
Pre and post-op 
LMWH 

Nadroparin 
5,700 q24h 

Pre-op to 
discharge 

0 0 

30 
Pre and post-op 
LMWH 

Nadroparin 
9,500 q24h 

Pre-op to 
discharge 

0 6.7 

Scholten 
et al.(31) 

Prospective 
cohort 

92 
Pre and post-op 
LMWH 

Enoxaparin 
30 mg 
q12h  

NR 5.4 1.1 

389 
Pre and post-op 
LMWH 

Enoxaparin 
40 mg 
q12h  

NR 0.6 0.26 

Singh et 
al.(63)  

Retrospectiv
e 

cohort 

11 
Pre and post-op 
LMWH 

Enoxaparin 
30 mg 
q12h 

(BMI less 
than 40) 

NR 0 0 

145 
Pre and post-op 
LMWH 

Enoxaparin 
40 mg 
q12h 

(BMI 41–
49) 

NR 0 3.5 

9 
Pre and post-op 
LMWH 

Enoxaparin 
50 mg 
q12h 

(BMI 50–
59) 

NR 0 0 

5 
Pre and post-op 
LMWH 

Enoxaparin 
60 mg 
q12h 

(BMI more 
59) 

NR 0 20 

Cossu et 
al. (46) 

Prospective 
cohort 

86 

Pre- and post-op and 
Post-discharge UFH-
adjusted dose by 
aPTT 

UFH 
20,000–
37,500 U 

SC daily in 
hospital 

then 
5,000/7,00

0 U SC 
twice daily 

Pre-op to 
minimum 

of 15 days 
post-

discharge 

1.2 2.3 

65 
UFH at induction of 
anesthesia 

UFH 
intravenou
s 2,500–
5,000 U 

single dose 

NA 3.1 0 

Ojo et 
al.(64) 

Prospective 
cohort 

59 
Post-op and post-
discharge LMWH 

Enoxaparin 
40 mg 
q12h 

Post-op to 
14 days 

post-
discharge 

NR 0 
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68 
Post-op and post-
discharge LMWH 

Enoxaparin 
60 mg 
q12h 

Post-op to 
14 days 

post-
discharge 

NR 0 

Heffline et 
al.(65) 

Prospective 
cohort 

462 
Pre-op aspirin and 
post-op UFH 

Aspirin 650 
mg 

UFH 5,000 
U q12h 

NA 
PE 2.2 

NR 
DVT 
4.5 

455 
Pre-op aspirin and 
post-op UFH and 
warfarin 

Aspirin 650 
mg UFH 
5,000 U 

q12h 
Warfarin 

adjusted to 
INR goal 

<1.8 

 
Warfarin 
given for 
30 days 

post-
discharge 

PE 0.2 

0 

DVT 
1.1 

 
Abbreviations: N= Number of patient; VTE= venous thromboembolism;  
DVT=deep venous thrombosis; UFH= unfractionated heparin; LMWH= low 
molecular weight heparin; PE= pulmonary embolism; U=units; Q12h= every 12 
hours; INR=international Normalized Ratio;  aPTT=activated partial 
thromboplastin time;  NR=not reported; SCD= sequential compression device; 
SC= subcutaneously;  NA=not available  
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Table 2. Summary of published guidelines for VTE prophylaxis in bariatric surgery  

ACCP Guidelines (2012)(58) 
1. For general and abdominal-pelvic surgery patients at moderate risk for VTE (3.0%; Rogers score, 
> 10; Caprini score, 3-4) who are not at high risk for major bleeding complications, low-molecular-
weight heparin LMWH) (Grade 2B), low-dose unfractionated heparin (LDUH) (Grade 2B), or 
mechanical prophylaxis, preferably with IPC (Grade 2C), over no prophylaxis.  
2. For general and abdominal-pelvic surgery patients at moderate risk for VTE (3.0%; Rogers score, 
> 10; Caprini score, 3-4) who are at high risk for major bleeding complications or those in whom the 
consequences of bleeding are thought to be particularly severe, mechanical prophylaxis preferred 
with IPC, over no prophylaxis (Grade 2C).  
3. For general and abdominal-pelvic surgery patients at high risk for VTE (~6.0%; Caprini score, ≥5) 
who are not at high risk for major bleeding complications, pharmacologic prophylaxis with LMWH 
(Grade 1B) or LDUH (Grade 1B) over no prophylaxis. 
4. For high-VTE-risk general and abdominal- pelvic surgery patients who are at high risk for major 
bleeding complications or those in whom the consequences of bleeding are thought to be particularly 
severe, use of mechanical prophylaxis, preferably with IPC, over no prophylaxis until the risk of 
bleeding diminishes and pharmacologic prophylaxis may be initiated (Grade 2C).  
5. Mechanical prophylaxis with elastic stockings or IPC should be added to pharmacologic 
prophylaxis (Grade 2C). 

European Society of Anesthesiology Guidelines (2018)(48) 

1. Recommend using only anticoagulants or IPC for obese patients with a low risk of VTE during and 
after bariatric procedures (Grade 2C). 
2. Recommend using anticoagulants and IPC together for obese patients with high risk of VTE (age 
>55,  
BMI >55kg/m2, history of VTE, venous stasis disease, sleep apnea, hypercoagulability or pulmonary 
hypertension. 
3. Recommend using LMWH over low dose UFH (GRADE 1C). 
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4. A dose of LMWH (3000 to 4000 IU every 12 hours subcutaneously) depending on BMI is 
acceptable for obese patients with a lower risk of VTE  
and 4000 to 6000 IU every 12 hours depending on BMI is acceptable for obese patients with high 
risk for VTE (Grade 2B). 
5. Recommend extended prophylaxis for patients at high-risk for VTE during the post discharge 
period for 10-15 days (Grade 1C). 

ASMBS Guidelines (2013)(59) 

1. Recommend early ambulation for all bariatric patients 
2. Recommend mechanical prophylaxis for all patients when practically feasible. 
3. Recommend combination of mechanical and chemoprophylaxis based on clinical judgement and 
risk of bleeding. 
4. Though data is conflicting, based on highest-quality data, LMWHs offer better VTE prophylaxis 
than UFH without increasing the risk of bleeding. 
5. Most discharge VTE events occur within the first 30 days after surgery and extended 
thromboprophylaxis should be considered. There is insufficient data to make definitive 
recommendations. 
Abbreviations: LMWH, low molecular weight heparin; UFH, unfractionated heparin; VTE, venous 
thromboembolism; IPC, intermittent pneumatic compression; BMI, body mass index; ASMBS, 
american society for metabolic and bariatric surgery 

 
 
 
 
  




