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Abstract: 
Extracorporeal membrane oxygenation (ECMO) is a therapy indicated for patients with acute severe heart/lung failure and high mortality risk despite adequate conventional treatment1. During ECMO, patients are in a hypercoagulable state where providers may anticoagulate patients to reduce clot formation2. Heparin, an antithrombin and tissue factor pathway inhibitor, is the most common anticoagulant used in ECMO2. Argatroban, a direct thrombin inhibitor, may be an alternative anticoagulation agent. Direct thrombin inhibitors have several advantages over heparin which include predictable pharmacokinetics, lack of dependence on antithrombin activity, and lack of risk for heparin-induced thrombocytopenia (HIT)2.  However, unlike heparin, argatroban does not have a reversal agent in the event of major bleeding which may be a disadvantage. Studies have found that argatroban was non-inferior to heparin regarding bleeds/thrombosis3,5-7 and there was no difference in blood/platelet transfusions3-5. Other studies have demonstrated more subtherapeutic or similar aPPT values when comparing heparin to argatroban3. 

Research question: Among ECMO patients, how does time in therapeutic range differ between argatroban and heparin?

Specific Aims: To compare time in therapeutic aPTT and safety between heparin and argatroban in ECMO patients at day 7 of therapy.

Significance: 
Argatroban may be an alternative to heparin as an anticoagulant agent in ECMO; however, there is a lack of evidence comparing time in therapeutic aPTT between argatroban and heparin. By evaluating which anticoagulant has a higher time in therapeutic range, this will aid in optimizing anticoagulation plans for patients to optimally avoid. In this study, we compare the efficacy and safety of argatroban to heparin in ECMO patients. 

Methods:

This will be a retrospective cohort study looking at adult ECMO patients over first 7 days of 2019-2021. The control group will be ECMO patients anticoagulated with heparin and the intervention group will be ECMO patients anticoagulated with argatroban. Both groups are similar since they require ECMO and need to be anticoagulated. 

An alternative study design would be a randomized blinded trial comparing argatroban and heparin in adult ECMO patients. With this study design, I would be able to address causality more effectively. This is, unfortunately, not feasible at the moment given time and money constraints. 

The target population would be every adult ECMO patient. The accessible population includes adult ECMO patients at UCSF anticoagulated with heparin or argatroban over a two-year time frame. Patients who will be excluded include those who underwent ECMO for <48 hours, receiving argatroban/heparin for <24 hours, patients with confirmed heparin induced thrombocytopenia (HIT), pregnant/children/fetuses/neonates, and patients <18 years old. This patient population will ensure that the patients have reached steady state on their anticoagulant, stabilized on ECMO, and included patients with similar pharmacokinetics. The selected patient population; however, will not be generalizable to pregnant patients, patients under 18 years old, and patients with HIT. These patients will be samples through retrospective chart review from.

Outcomes
The primary predictor variable is heparin or argatroban as an anticoagulant agent. The main primary outcome variable is time in therapeutic range based on pre-specified aPTT ranges and secondary outcome variables include number of anticoagulant dose changes, number of lab checks, and incidences of bleeding. All the variables will be collected through chart review through objective measures such as labs and dose charting. To minimize systematic errors, we can confirm with informatics on how information is calculated and charted in Epic to ensure we completely understand the final information that is presented to us on the screen during chart review. 

Statistical test
The primary outcome for this study is the average time in therapeutic range, which is a continuous variable with normal distribution. The predictor variable is heparin or argatroban as the anticoagulant agent, which is a dichotomous variable. We will be using the t-test to analyze data for the primary outcome. Through this study, it can be found that there is no statistically significant difference between argatroban and heparin in average time in therapeutic range for ECMO patients. Therefore, argatroban is not better than heparin and should not be used preferentially over heparin when anticoagulating ECMO patients. 

Sample size calculation
To test the hypothesis that argatroban has a higher average time in therapeutic range than heparin in ECMO patients, we assume that the average time in therapeutic range is 80%. It was calculated that a sample size of 137 patients (46 in the argatroban group and 91 patients in the heparin group), would produce a two-sided level of significant of alpha = 0.05 and a power of 80% to detect a difference of 7.7 hours. 

Confounding variables 
This retrospective observational study may also be prone to confounding variables. These variables may include congenital coagulopathies, anticoagulation use prior to heparin or argatroban infusion, switch from one study anticoagulant to the other during the study period, aPTT and anti-Xa discordance, periods of time where infusion was held during study period, number of aPTT checks, differences in titration methods for argatroban and heparin infusion, liver dysfunction, current or history of heparin induced thrombocytopenia, and missed aPTT checks.

One plan to address these confounding variables to lessen its impact on the data is to create a well thought out inclusion and exclusion criteria. By excluding some of these variables, such as history or current heparin induced cytopenia congenital coagulopathies, and anticoagulation use prior to study anticoagulant infusion can eliminate a large source of confounding variable. Another plan to reduce confounding is to train data gatherers to ensure everyone is reading, interpreting, analyzing, and recording the data in the same way. Unfortunately, because this is a retrospective study, it is not possible to train health care personnel to standardize the titration protocol and aPTT checks. However, if this study was redesigned for a prospective study, then training healthcare personnel such as nurses and providers would be a possibility to reduce confounders. For the best plan to address these confounders, excluding variables as well as training data gatherers is the most feasible. Unfortunately, even after implanting this plan, there is still confounding present that we are unable to account for (differences in anticoagulation titration and missed aPTT checks), it makes it difficult to draw causal inferences from the data that will be gathered. Therefore, the results that would be found from this trial can be taken to pave the way for a future study such as a randomized controlled trial to increase the ability to draw causal inferences.

Ethical considerations
As this project is a retrospective study conducted through medical chart review, there is no harm that will reach participants during this study. 
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