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Abstract:
Venous thromboembolism (VTE) and deep vein thrombosis (DVT) are common complications for patients during hospitalization due to multiple risk factors. In critically ill obese patients, the rates of VTE/DVT’s are even higher due to increased risk factors and comorbidities that make a patient more likely to clot.  It is standard practice to prophylaxis in these patients using low molecular weight heparin (Enoxaparin). In recent years, new studies have shown that for enoxaparin, a weight-based dosing strategy using actual body weight has provided high rates of Anti-Xa levels in the ranges desired for prophylaxis. In our study, we seek to compare this new weight-based dosing strategy (0.5 mg/kg BID) for enoxaparin to the current standard of care at UCSF (40 mg BID) in critically ill adult obese patients. Using a retrospective cohort design, we will review how patients treated with both dosing strategies compare in terms of rates of VTEs during their hospitalization. Patients from the spring of 2018 till early 2021 that stayed in UCSF ICU will be assessed using chart reviews. Anti-Xa levels, length of stay, mortality, and bleeding events will also be analyzed to assess efficacy and safety of these dosing regimens. 

Research Question and Specific Study Aims: 

Is weight-based prophylactic enoxaparin dosing (0.5 mg/kg BID) associated with decreased risk for clinically significant Venous thromboembolism (VTE) compared to standard obesity dosing in adult critically ill obese patients? 

Study Aims:

1. Using previously established dosing strategy, assess efficacy of weight-based enoxaparin dosing to standard twice daily dosing in terms of in range Anti-Xa levels. 
2. Investigate differences in clinical and safety outcomes for each different dosing regimen (ie length of hospital stay, time in ICU, mortality, bleeding). 
3. Assess how body weight effects the efficacy of DVT prophylaxis when using enoxaparin in critically ill adult obsess patients. 

Background and Significance: 

Venous thromboembolism (VTE) prophylaxis is commonly used in most inpatient setting to prevent deep vein thromboses or pulmonary embolism from complicating care during inpatient admissions. Of all patients, those that are critically ill are at the highest risk of developing VTE’s with current risk estimated at 13-30% for those not on prophylactic medications.1 Current trends suggest that rates of VTE’s in all populations will likely double in the next 40 years and this does not include increased incidence due to outside sources such as COVID-19, critical illness, obesity, etc.2  Traditional practice has been to use either low molecular weight heparin (LMWH) or unfractionated heparin as prophylaxis to prevent VTE’s in this patient population.3 

In the past 30 years the number of obese adults in the United States has increased dramatically leading to an increase in obese adult critically ill patients.4 Obesity is a significant risk factor for VTE and the current guidelines for prophylaxis in this patient population is unclear. One study found that obese patients greater than 50 years of age are 6.2 times more likely to have VTE when compared to patients with normal BMI’s.5 The CHEST guidelines from 2012 suggest weight based LMWH should be used in obese patients but provide no specific dosing recommendations.3 Consequently, in current practice dosing varies based on clinical practice and provider preferences and relies on anti-Xa levels in these patients to assess efficacy and absorption of enoxaparin in obese patients due to the lack of clear guidance from the medical community.

	The most commonly used standard of practice and the one listed on drug references (UptoDate, Lexicomp, Micromedex….etc) come from some studies in the early 2000’s. Two early trials from 2002 and 2007, showed that for patients with BMI >40 kg/m2 enoxaparin doses of 40 mg BID or 60 mg BID provided a high percentage of Anti-Xa levels in the prophylactic range (0.2-0.5 I/mL).6,9 These studies also showed no significant increase in bleeding. At many institutions, including UCSF, this has been used to adjust prophylaxis dosing in obese patients to BID dosing, but was not strong enough evidence to adjust the guidelines recommendation. 

A few more recent studies have looked at weight-based dosing strategies in obese surgical patients, general medicine patients, and pregnant/post-partum patients.7,8 The studies showed that weight based dosing provided greater than 85% of Anti-Xa levels within the prophylactic range. Stephenson et al’s trial in obese women post-caesarean section showed that the weight based dosing of (0.5 mg/kg ) was drastically superior to once daily dosing for keeping patients Anti-Xa levels within a prophylactic range (88% vs 14%, P<0.001).8 There is little data for critically ill obese patients, especially those with varying renal function, receiving mechanical ventilation, and those receiving paralytics. These three specifically increase a patient’s risk for having complications with VTE’s or bleeding in the critical care setting.1 Furthermore, most of the previous studies were not powered adequately to provide definitive conclusions and provided limited external validity. Given the significant risk of VTE and mortality in these patients during their hospitalization, it is important to determine optimal VTE prophylaxis dosing that is both safe and effective for these patients. 

Our study plans to compare specific weight based LMWH dosing to the standard twice daily dosing that has become more common in obese adult patients. The primary outcome will be rates of clinically significant VTE’s in critical ill patients with secondary outcomes focusing on percent of therapeutic anti-Xa levels, episodes of bleeding, overall mortality, and hospital length of stay. Given that renal function can be variable in this patient population, we plan to stratify based on creatinine clearance which will provide greater generalizability to critical ill patients. This study will provide more insight into optimal dosing for critically ill obese adult patients, and ultimately provide evidence for future updates to clinical guidelines. 

Study Design and Methods:
	
	The study will be a retrospective cohort focusing on critically ill adult obese patients that have been admitted to one of the UCSF intensive care units over the past 3 years. We will use the electronic health record and perform retrospective chart reviews looking for clinical data (Anti-Xa levels, documentation of VTE’s, major bleeding episodes) to assess these two dosing regimens. Data for all outcomes will be assessed using statistical analysis once it is retrieved via chart review. The planned control will be patients treated with standard dosing or 40 mg BID and we will stratify patients based on background characteristics. 

Study Subjects: 

	In our study the target population is all critically ill adult obese patients, but our goal is that our data helps with DVT prophylaxis for all obese adult patients during any hospitalization. This study will give insight on how to optimally dose patients with enoxaparin and provide the best possible efficacy despite variable subcutaneous absorption in this patient population. The accessible population is all critically ill adult obese patients that visited a critical care unit in the UCSF system. From there our study population will be those who fit the inclusion criteria outlined below.

Inclusion criteria will be adult patients greater than 18 years of age with a BMI of greater than or equal to 35 who stayed more than 24 hours in one of the UCSF Parnassus hospitals ICU and received prophylactic enoxaparin dosing. The patients must also have had at least 1 anti-Xa level drawn during their ICU stay. It is important to assess anti-xa levels drawn because it will provide data for our secondary outcomes.

  Exclusion criteria include patients that have an indication for therapeutic anticoagulation, are currently receiving therapeutic anticoagulation, have a diagnosed bleeding or clotting disorder (Hemophilia, Von Willebrands, etc) or have been diagnosed with COVID in the past 90 days. We plan to exclude patients with allergies to heparin products, or any documentation of heparin induced thrombocytopenia. We will also exclude patients with liver failure or who recently received a liver transplant due to increased risk of bleeding and abnormal clotting factors.  By excluding these patients, we will have a better chance of assessing clinical VTEs or bleeding events that occurred due to the enoxaparin than from a comorbidity the patient already has which can be difficult to assess given the complexity of these patients. 

Clinical Measures:

Predictor Variables:
The predictor variable that we wish to study is patients being treated with either standard or weight-based enoxaparin dosing for VTE prophylaxis in obesity. The study will compare two groups, patients who received traditional prophylactic enoxaparin dosing (40 mg SUBQ twice daily) or weight based (0.5 mg/kg SUBQ twice daily) dosing.


Outcomes Variables:
 The primary outcome is development of a clinically significant VTE with secondary outcomes focusing on major bleeding events, length of hospital stay, mortality, and % of patients with therapeutic Anti-Xa levels. Data will be assessed using retrospective chart reviews using the electronic health record in which the medication orders can be analyzed to see which patients received which enoxaparin doses. The primary outcome will be assessed by reviewing the patients chart looking for specific documentation of a new VTE or DVT during their hospital stay. Each of the secondary outcomes should be available in the patient’s chart during data collection and will then be assessed during the statistical analysis. We plan to assess new DVT’s and VTE’s using diagnostic criteria outlined in 2012 CHEST guidelines. We will assess Anti-Xa levels using recognized ranges for prophylaxis efficacy as outlined in previous studies7. Major bleeding will be defined as overt bleeding, bleeding with anemia associated with a 2 mg/dL decrease in Hgb from baseline, or bleeding requiring operation or transfusion which is similar to previous trials9. 
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Planned Statistical Analysis:

	The primary outcome is development of clinically significant VTE’s experienced during hospitalization. We will analyze the prevalence of VTE’s in the weight-based dosing group compared to the standard dosing (control) using a Chi-Squared statistical test. 

	Secondary outcomes will be assessed using a T-test and will be compared between the weight-based dosing and standard dosing groups. Development of major bleeding events will also be assessed using Chi-Squared analysis similar to the primary outcome.

	Important cofounders will be comorbidities that increase risk of VTE or major bleeding. We plan to account for these by stratifying the patient population based on comorbidities to minimize the impact of these different comorbidities. As the weight-based dosing strategy is not as common as standard dose at UCSF, it may be difficult to fully stratify each of the treatment groups. 


Sample Size: 

	Hypothesis: Weight-based enoxaparin dosing is associated with reduced VTE risk compared to standard prophylactic dosing among critically ill obese adult patients. 
	 Null Hypothesis: Weight-based enoxaparin dosing is no different than standard prophylactic dosing at reducing VTE risk among critically ill obese adult patients. 

Estimates:

We plan to use a two tailed alpha level of 0.05 to reduce risk of type 1 error to 5%. With a beta level of 0.2 (or 80% power) to reduce the risk of type 2 error to 20%. Using these variables and assessing that our patient population is likely not equal, we hope that 30-35% of patients received weight-based dosing, while 65-70% received standard prophylactic dosing. The study will be powered to detect a 6-8% difference in incidence of VTE between these two groups assuming the above split in patients which is similar to the rate of VTE’s found in prior studies6-9.  Given the retrospective nature of the study, our estimates indicate we need around 480 patients (P1=168 for weight based and P0 =312 receiving standard dosing) to detect this difference.  
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