

[image: image1]
Rivaroxaban Once-Daily vs. Dose-Adjusted Vitamin K Antagonist on Biomarkers in Acute Decompensated Heart Failure and Atrial Fibrillation (ROAD HF-AF): Rationale and Design of an Investigator-Initiated Multicenter Randomized Prospective Open-Labeled Pilot Clinical Study












	
	STUDY PROTOCOL
published: 12 January 2022
doi: 10.3389/fcvm.2021.765081






[image: image2]

Rivaroxaban Once-Daily vs. Dose-Adjusted Vitamin K Antagonist on Biomarkers in Acute Decompensated Heart Failure and Atrial Fibrillation (ROAD HF-AF): Rationale and Design of an Investigator-Initiated Multicenter Randomized Prospective Open-Labeled Pilot Clinical Study

Iksung Cho1, Jaewon Oh1, In-Cheol Kim2, Hyemoon Chung3, Jung-Hee Lee4, Hyue Mee Kim5, Young Sup Byun6, Byung-Su Yoo7, Eui-Young Choi8, Wook-Jin Chung9, Wook Bum Pyun10 and Seok-Min Kang1*


1Cardiology Division, Cardiovascular Research Institute, Severance Cardiovascular Hospital, Yonsei University College of Medicine, Seoul, South Korea

2Division of Cardiology, Keimyung University Dongsan Medical Center, Daegu, South Korea

3Division of Cardiology, Department of Internal Medicine, Kyung Hee University, Seoul, South Korea

4Division of Cardiology, Department of Internal Medicine, Yeungnam University Medical Center, Daegu, South Korea

5Division of Cardiology, Department of Internal Medicine, Chung-Ang University, Seoul, South Korea

6Division of Cardiology, Sanggye-Paik Hospital, Inje University, Seoul, South Korea

7Department of Internal Medicine, Yonsei University Wonju College of Medicine, Wonju, South Korea

8Division of Cardiology, Heart Center, Gangnam Severance Hospital, Yonsei University College of Medicine, Seoul, South Korea

9Department of Cardiovascular Medicine, Gachon University Gil Medical Center, Incheon, South Korea

10Division of Cardiology, Department of Internal Medicine, Ewha Womans University, Seoul, South Korea

Edited by:
Katrina Poppe, The University of Auckland, New Zealand

Reviewed by:
Kristen M. Tecson, Baylor Scott & White Research Institute (BSWRI), United States
 Junbeom Park, Ewha Womans Medical Center, South Korea
 Ki-Hyun Jeon, Seoul National University Bundang Hospital, South Korea
 Leszek Drabik, Jagiellonian University Medical College, Poland

*Correspondence: Seok-Min Kang, smkang@yuhs.ac

Specialty section: This article was submitted to Heart Failure and Transplantation, a section of the journal Frontiers in Cardiovascular Medicine

Received: 26 August 2021
 Accepted: 06 December 2021
 Published: 12 January 2022

Citation: Cho I, Oh J, Kim I-C, Chung H, Lee J-H, Kim HM, Byun YS, Yoo B-S, Choi E-Y, Chung W-J, Pyun WB and Kang S-M (2022) Rivaroxaban Once-Daily vs. Dose-Adjusted Vitamin K Antagonist on Biomarkers in Acute Decompensated Heart Failure and Atrial Fibrillation (ROAD HF-AF): Rationale and Design of an Investigator-Initiated Multicenter Randomized Prospective Open-Labeled Pilot Clinical Study. Front. Cardiovasc. Med. 8:765081. doi: 10.3389/fcvm.2021.765081



Background: Clinical trials of non-vitamin K antagonist oral anticoagulants (NOACs) in patients with chronic heart failure and atrial fibrillation (AF) have demonstrated reduced risks of stroke and bleeding compared with vitamin K antagonists (VKAs). Here, we aim to assess the clinical efficacy and safety of rivaroxaban, a NOAC, compared with warfarin, a VKA, and the effects of rivaroxaban on cardiovascular biomarkers in patients with acute decompensated heart failure (ADHF) with reduced ejection fraction (≤40%) and AF.

Methods: Rivaroxaban Once-daily vs. dose-adjusted vitamin K antagonist on biomarkers in Acute Decompensated Heart Failure and Atrial Fibrillation (ROAD HF-AF) is a randomized, open-labeled, controlled, prospective, multicenter pilot study designed to assess cardiovascular biomarkers and the safety of rivaroxaban (20 or 15 mg in patients with creatinine clearance 30–49 mL/min per day) compared with VKA (target international normalized range: 2–3) in 150 patients hospitalized with ADHF and AF. The primary endpoint is the change in circulating high-sensitivity cardiac troponin (hsTn) during hospitalization. The secondary endpoints are bleeding, hospital stay duration, in-hospital mortality, and changes in cardiovascular, renal, and thrombosis biomarkers. Patients will be followed for 180 days.

Conclusion: We hypothesize that rivaroxaban will reduce myocardial injury and hemodynamic stress, as reflected by the biomarker status, within 72 h in patients with ADHF and AF, compared with VKA. We hope to facilitate future biomarker-based, large-scale outcome trials using NOACs in patients with ADHF and AF, based on the results of this multicenter, randomized, controlled study.
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INTRODUCTION

The prevalence of heart failure (HF) is rapidly increasing and is the leading cause of hospitalization in people aged over 65 years in developed countries (1, 2). Acute decompensated heart failure (ADHF) is a significant public health issue due to the substantial morbidity and mortality rates, including a high hospital readmission rate. Hypercoagulability is suggested as a risk factor for poor outcomes in patients with ADHF. For example, in a community-based study in the United States, ischemic stroke incidence was significantly higher in patients with HF than in the general population in the first 30 days after HF diagnosis and remained high during a 5-year follow-up (3). The prevalence of atrial fibrillation (AF) in patients with HF is high, and AF is the main factor driving the high incidence of thromboembolic events (4). Furthermore, comorbidities and factors that increase the risk of thromboembolic events in patients with AF, including old age, coronary artery disease, hypertension, and diabetes, are common in patients with both compensated and decompensated HF (5). Therefore, optimal anticoagulation is a potential strategy to improve outcomes in patients with ADHF.

Traditionally, vitamin K antagonists (VKAs), such as warfarin, are recommended to reduce thromboembolic event risk in patients with AF and HF. However, VKAs are limited by their interactions with other drugs and diet. Importantly, drug levels are influenced by the worsening renal function, liver congestion, and hemodynamic alterations observed in patients with ADHF. Non-vitamin K antagonist oral anticoagulants (NOACs), including rivaroxaban, apixaban, dabigatran, and edoxaban, are alternatives to VKAs, and they have demonstrated improved efficacy for stroke prevention and safety compared with VKAs in patients with HF and AF (6, 7). The benefits of NOACs compared with VKAs include fewer food and drug interactions and fixed dosing. Recently, the inhibition of thrombin generation has been suggested as a potential benefit of NOACs, especially rivaroxaban (8, 9). Thrombin is a key component in the coagulation pathway, and it enhances platelet activation and aggregation; thus, direct inhibition of the common pathway by antithrombotic therapy may mitigate ongoing myocardial injury in patients with ADHF (9). A post-hoc analysis of the COMMANDER HF trial demonstrated that 2.5 mg rivaroxaban twice daily significantly reduced stroke or transient ischemic attack (TIA) rate compared with placebo in chronic HF patients with coronary artery disease and sinus rhythm following recent worsening episodes (10). However, the clinical efficacy and safety of rivaroxaban in patients with ADHF and AF are unknown.

In patients with ADHF, biomarker analysis is utilized for accurate diagnosis and prognostication. Furthermore, biomarkers can provide valuable information on the pathophysiology of ADHF and the mechanism underlying the treatment effects (11). Therefore, it would be reasonable and informative to assess the potential benefits of rivaroxaban on myocardial and renal damage compared with VKAs, using surrogate biomarkers in hospitalized patients with ADHF and AF, in addition to the clinical efficacy and safety outcomes. In patients with ADHF, numerous cardiovascular biomarkers can be used to reflect hemodynamic stress and myocardial injury resulting from inflammation, neurohormonal and endothelial dysfunction, and microvascular thrombosis (11). Recently, high-sensitive troponin (hsTn) has emerged as a novel prognostic marker in patients with ADHF (12). Coronary microvascular dysfunction has been reported to be correlated with hsTn in patients with non-ischemic HF (13). In a sub-study of the RELAX-AHF trial, an increase in hsTn was related to poor clinical outcomes in patients with ADHF (14). Additionally, post-hoc analyses of the Val-HeFT and GISSI-HF trials demonstrated the clinical importance of ongoing myocardial injury in patients with HF (15). Specifically, increased plasma hsTn level was predictive of an increased risk of all-cause mortality in patients with HF. Therefore, ongoing myocardial injury, reflected by elevated plasma hsTn level, is a substantial risk factor for patients with ADHF, and this may be related to microvascular thrombosis. However, evidence demonstrating the benefit of antithrombotic therapy with direct factor Xa inhibition in patients with ADHF is lacking. Therefore, in the Rivaroxaban Once-daily vs. dose-adjusted vitamin K antagonist on the biomarkers in Acute Decompensated Heart Failure and Atrial Fibrillation (ROAD HF-AF) study, we will examine the potential beneficial effects of rivaroxaban vs. warfarin in patients with ADHF with reduced ejection fraction (EF) and AF.



STUDY DESIGN


Overall Design and Ethics Approval

ROAD HF-AF is a prospective, multicenter, randomized, parallel-group, open-label exploratory study designed to assess the efficacy and safety of rivaroxaban compared with warfarin using the change in surrogate biomarkers in patients with ADHF and AF (Figure 1). Patients will be followed during and after hospitalization for 6 months. The study will be conducted in accordance with the International Conference on Harmonization Good Clinical Practice guidelines and principles in the Declaration of Helsinki. Written informed consent will be obtained from patients before study entry. The study has been approved by the institutional review board of each participating center (No. 4-2017-0776). The study is sponsored by Bayer Pharma (Berlin, Germany) and registered at clinicaltrials.gov (NCT03490994).
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FIGURE 1. Study design. ADHF, acute decompensated heart failure; HD, hospital day; LMWH, low molecular weight heparin. *Patients with an estimated glomerular filtration rate using the chronic kidney disease epidemiology collaboration (CKD-EPI) equation of 30–49 mL/min/1.73 m2 will receive 15 mg once daily.




Objectives and Endpoints

The primary study objective is the maximum change in the hsTn level over 72 h from admission following treatment (Table 1). The maximum change in hsTn is defined as the greatest change from the natural log-transformed baseline hsTn value to the natural log-transformed peak hsTn value during hospitalization. The secondary objectives are the: (1) change in the hsTn level 30 and 180 days after treatment with rivaroxaban or warfarin [target international normalized ratio (INR): 2–3]; (2) change in D-dimer level during and after hospitalization as a thrombogenicity marker; (3) change in other biomarkers of cardiac fibrosis [soluble ST2 (sST2) and galectin-3], renal injury [cystatin C, neutrophil gelatinase-associated lipocalin (NGAL), and N-acetyl-β-D-glucosaminidase (NAG)], and thrombogenicity [thrombin–antithrombin (TAT) complex and plasminogen activator inhibitor type 1 (PAI-1)], hs-CRP, and NT-proBNP during and after hospitalization; (4) incidence and rate of major bleeding according to the International Society on Thrombosis and Haemostasis criteria (16) (e.g., bleeding causing a decrease in hemoglobin level of ≥2 g/dL; bleeding leading to transfusion; symptomatic bleeding in critical areas including intracranial, intraspinal, intraocular, pericardial, intraarticular, intramuscular with compartment syndrome, and retroperitoneal; and fatal bleeding causing death) or minor bleeding event during and after hospitalization; (5) hospital stay duration at initial hospitalization; (6) incidence of all-cause mortality during hospitalization and at 180-day follow-up; and (7) incidence of all-cause mortality and rehospitalization during hospitalization and at 180-day follow-up.


Table 1. Study endpoints.
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Data Monitoring and Study Management

A Data Safety Monitoring Committee (DSMB) composed of independent experts, will be responsible for overseeing patient safety. Study sites will be randomly monitored at least once a year. During site visits, the monitors will review protocol compliance to ensure that data are obtained for all eligible patients and verify source documents. All clinical events, including hospitalizations and deaths, will be monitored and verified by an adjudication committee, composed of independent experts. The adjudication committee will be composed of 2 independent experts and one chairperson. A disagreement will be reviewed by the two reviewers and tried to be resolved. If the two adjudicators disagree, the chairperson will receive the material together with both proposals and will select one proposal, overruling the other (17).



Participants

The study population will comprise ADHF patients with AF who have reduced EF and are hospitalized with a primary diagnosis of ADHF. The eligible patients at 10 participating hospitals in South Korea who meet all eligibility criteria will be considered for enrolment. Detailed inclusion and exclusion criteria are shown in Table 2. The participants will be included if they meet all the following criteria: (1) hospitalized adult patients (≥19 years old) with a primary diagnosis of ADHF; (2) non-valvular atrial fibrillation patients, as documented on electrocardiography, with CHA2DS2-VASc Score of 2 or more; 3) a diagnosis of HF with reduced EF confirmed by a left ventricular EF of ≤40% using transthoracic echocardiography at the time of admission or within 1 year from the point before admission; and (3) meet at least one of the following criteria: dyspnea at rest, tachypnea (respiratory rate > 20/min), rales, or pulmonary edema on chest X-ray. Participants will be excluded from the study if they have a history of increased bleeding risk (e.g., major surgical procedure or trauma within 30 days; history of major bleeding; clinically significant gastrointestinal bleeding within 180 days; chronic hemorrhagic disorder; intracranial neoplasm, arteriovenous malformation, or aneurysm; platelet count of <90,000/μL), have a contraindication to anticoagulation therapy, have a diagnosis of acute coronary syndrome at the time of admission, are planned for percutaneous coronary intervention, coronary artery bypass graft surgery, or another invasive cardiac intervention (e.g., catheter ablation, pacemaker, cardiac resynchronization therapy, and implantable cardiac defibrillator implantation), are currently on dual antiplatelet therapy (aspirin and adenosine-diphosphate receptor antagonist) or single antiplatelet therapy with a novel antiplatelet agent (e.g., ticagrelor, prasugrel) or warfarin with INR > 2, have cardiogenic shock [systolic blood pressure (SBP): <80 mmHg], creatinine clearance <30 mL/min using creatinine-based Chronic Kidney Disease Epidemiology Collaboration (CKD-EPI) equations, elevated liver enzymes (three-times the upper limit) or liver cirrhosis, uncontrolled hypertension (SBP > 180 mmHg), an allergy, adverse drug reaction, hypersensitivity to rivaroxaban or warfarin, have a life expectancy of <6 months (e.g., metastatic cancer), or are women who are pregnant or of child-bearing age.


Table 2. Inclusion and exclusion criteria.
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Study Protocol

Eligible patients will be centrally randomized 1:1 to receive either warfarin or rivaroxaban using a study-specific electronic case-report form management system. Patients randomized to the rivaroxaban group will receive rivaroxaban 20 mg orally once daily; those with an estimated glomerular filtration rate of 30–49 mL/min/1.73 m2, determined using the Chronic Kidney Disease Epidemiology Collaboration (CKD-EPI) equation, will receive 15 mg. Patients randomized to the warfarin group will receive warfarin 3 mg once daily for two consecutive days (2 mg once daily in patients with the body weight of <50 kg), followed by an appropriate dose once daily prescribed by the investigator at each center according to the patients' prothrombin time. The target INR is 2–3, and low molecular weight heparin (enoxaparin, 1 mg/kg every 12 h) will be administered until the INR of participants reaches 2. All randomized patients will receive standard-of-care for HF management during index hospitalization and follow-up period of 180 days after discharge. Following randomization, HF and any other comorbidities will be managed appropriately. However, anticoagulation with any drugs other than the study treatments will be avoided.

Patients will be assessed periodically at pre-specified study visits during hospitalization [visits 1 (day 1), 2 (day 2), 3 (day 4), and 4 (day 7 or discharge, whichever occurs first)] and after hospitalization [visits 5 (discharge day 30), 6 (discharge day 90), and 7 (discharge day 180)] (Figure 1). Vital signs, and HF signs and symptoms will be assessed according to the New York Heart Association functional class and visual analog scale for dyspnea from discharge to day 180 (Table 3). Additionally, adverse events will be recorded at all visits.


Table 3. Assessment schedule.
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Blood will be collected locally at pre-specified visits and analyzed for biomarkers and end-organ function. A detailed list of hematology, chemistry, and coagulation assessments is presented in Table 4. Biomarker analyses will be performed in a central laboratory. A subset of blood chemistry tests, including blood urea nitrogen, creatinine, electrolytes (Na+, K+, Cl−), and liver enzymes (serum alanine aminotransferase and aspartate aminotransferase) will be repeated by the central laboratory to confirm the accuracy of the laboratory data from local centers. If there is a discrepancy in blood chemical tests between the central laboratory and local centers, the results from the central laboratory will be used for the analysis. Blood samples will be stored for future biomarker analyses. Electrocardiograms will be obtained and interpreted locally at each visit and sent to a central laboratory for evaluation.


Table 4. Hematology, chemistry, and coagulation assessments.
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Statistical Considerations
 
Sample Size

Data on hsTn in patients with ADHF and AF after anticoagulation treatment are lacking. However, hsTn was studied as a potential biomarker in patients with ADHF in the RELAX-AHF trial of serelaxin (18, 19). As the hsTn level is related to ADHF, information on hsTn from RELAX-AHF can be used, based on the following assumptions. Based on a feasibility assessment, 150 patients (75 patients in each treatment group) are planned for enrolment. In the RELAX-AHF study, the geometric mean of hsTn at the baseline and 95% confidence interval (CI) was 0.034 (0.032–0.037), with 581 patients. Therefore, assuming the log-scaled standard deviation is 0.75, with a sample size of 75 patients, the maximum imprecision of the geometric mean is 18%, which is considered to provide reasonable precision of estimate. The rate of drop-out is not considered in the calculation as the primary endpoints will be evaluated during hospitalization, and the drop-out rate is anticipated to be very low.



Analyses

As the current study is not powered for clinical hypothesis testing, statistical analyses will be explorative and descriptive. All variables will be analyzed descriptively: categorical variables will be presented as frequency tables (absolute and relative frequencies with 95% CI) and continuous variables by summary statistics (mean, standard variation, minimum, median quartile, and maximum, and 95% CI). We will analyze circulating hsTn and other quantitative biomarkers with natural log-transformation, and the geometric mean with 95% CI will be provided for each visit. The adjusted geometric means of the maximum change in hsTn from the baseline to hospitalization will be evaluated using an analysis of covariance model, with the value at admission as a covariate, and stratification factors used for randomization and treatment as a factor. The treatment geometric mean ratio, which reflects the treatment difference between rivaroxaban and warfarin, as well as its 95% CI, will also be provided.

A survival analysis will be performed to describe the time from hospital admission to the composite endpoint, including all-cause mortality and rehospitalization. Kaplan–Meier estimates and plots will be obtained for each treatment. The hazard ratio for rivaroxaban over warfarin and its 95% CI will be generated from the Cox-proportional model. The incidence of all-cause mortality during hospitalization will be summarized in a frequency table with the corresponding percentage and 95% CI. The incidence of major and minor bleeding events during the study will be summarized in a frequency table with percentage and corresponding 95% CI. To adjust variations in treatment duration during the study, the incidence rate (number of patients with bleeding events divided by the cumulative person-time on treatment) will also be provided.





DISCUSSION

Despite advances in pharmacological therapy and devices for patients with HF, mortality, both in-hospital and post-discharge, remains high. Ongoing myocardial ischemic damage and hypercoagulability during and after hospitalization might be associated with poor outcomes. A recent prospective trial demonstrated that treatment with low-dose rivaroxaban, a factor Xa antagonist, decreased the rate of stroke or TIA in patients with chronic HF and coronary artery disease with sinus rhythm after a recent worsening episode compared with the placebo (10). This suggests that anticoagulation with factor Xa antagonists might reduce myocardial damage during hospitalization and improve outcomes in patients with ADHF and AF compared with warfarin treatment. ROAD HF-AF is designed to evaluate the potential benefits of rivaroxaban on myocardial and renal damage compared with VKAs, using surrogate biomarkers in hospitalized patients with ADHF and AF.


Early Effect of Rivaroxaban on Circulating hsTn Levels in Hospitalized Patients With Acute Decompensated HF

Troponin (Tn) level is frequently elevated in patients with ADHF, even without clinically evident coronary artery disease (20). The circulating troponin (cTn) level has been reported to be a reliable prognostic marker for short- and long-term outcomes in patients with ADHF (21, 22). Furthermore, studies on serial cTn measurements throughout hospitalization reported that patients with persistently elevated cTn had a worse prognosis than those without persistently elevated cTn (23). More recently, in a subgroup analysis of the RELAX-AHF study (19), the peak change in hsTn was found to be an independent risk predictor for cardiovascular death or renal injury/HF hospitalization and cardiovascular mortality up to 6 months. We will evaluate the benefit of rivaroxaban compared with VKAs using the peak change in hsTn in patients with ADHF and AF during hospitalization. According to RELAX-AHF study, the peak value of high hsTn was measured at day 2–day 5. Therefore, measuring the maximum change in the hsTn level over 72 h from admission as a primary endpoint would be reasonable.



Justification for the Extended Therapeutic Intervention and Follow-Up

Studies on the efficacy of novel target drugs, such as ularitide or serelaxin, during short-term hospitalization reported unsatisfactory long-term outcomes in patients with ADHF (24, 25). Furthermore, the results of the ASTRONAUT study, which investigated the change in Tn between the pre- and early post-discharge periods (1 month) in hospitalized patients with ADHF, demonstrated that patients experienced an extended period of vulnerability to cardiac injury after the index hospitalization (26). Therefore, in our study, anticoagulation evaluation in both rivaroxaban and VKAs groups will be continued for 6 months, and the long-term effect will be assessed as a secondary outcome. For example, the serial changes in hsTn and clinical outcomes will be followed up to 6 months. The extended treatment and follow-up assessments are expected to elucidate the long-term efficacy and safety of rivaroxaban. Furthermore, we will evaluate the clinical effect of changes in hsTn during hospitalization and early-discharge on long-term clinical outcomes.



Thrombogenicity Biomarkers as a Secondary Outcome

In addition to hsTn, we will investigate changes in novel biomarkers associated with thrombogenicity, renal comorbidity, and cardiac fibrosis. In terms of thrombogenicity biomarkers, we will explore changes in D-dimer, TAT complex, and PAI-1 as a secondary outcome. D-Dimer is a product of fibrin turnover and is widely utilized as a biomarker of thrombosis. Patients with HF were reported to have increased levels of D-dimer and TAT complex; elevated levels of D-dimer at the time of hospital admission have been associated with in-hospital stroke risk in patients with HF (27). The TAT complex is a protein complex comprising inhibited thrombin with antithrombin and reflects the functional state of the coagulation system (28). Additionally, PAI-1 inhibits the formation of plasmin and breakdown of fibrin clots and is thus a crucial inhibitor of the fibrinolytic pathway (29). Elevated PAI-1 levels are independently associated with the risk of cardiovascular disease (30). In our study, an analysis of these biomarkers will provide valuable information on the effects of rivaroxaban and warfarin on thrombosis.



Renal Biomarkers as a Secondary Outcome

Here, we will explore changes in NGAL and NAG, which are markers of renal injury, from the baseline to the day of discharge, and 30 and 180 days after discharge to elucidate the benefits of rivaroxaban compared with a VKA. NGAL, a protein bound to gelatinase, was initially detected in neutrophil granules (11). Given that NGAL is secreted in the thick ascending limb of the kidney in response to renal injury, it has been used as a biomarker for the early detection of renal injury in various clinical settings. Furthermore, NAG is an enzyme found in the lysosomes of renal proximal tubular cells. Urinary NAG excretion is increased under proximal tubular cell injury. Several studies have shown that increased urinary NAG is independently related to adverse outcomes in patients with acute and chronic HF (31). Thus, in our study, assessing changes in these renal biomarkers will provide valuable information regarding the renal benefits of rivaroxaban compared with the VKA in conjunction with other established biomarkers of renal function.



Cardiac Fibrosis Biomarkers as a Secondary Outcome

sST2 is a soluble isoform of ST2, which is released under myocardial stress. sST2 can be used as a useful prognostic marker in patients with chronic HF, and a recent study reported the usefulness of serial sST2 measurements in the ADHF setting. We will also investigate galectin-3, which is associated with inflammation and fibrosis. In the PRIDE study (32), galectin-3 level had an independent and incremental prognostic value over NT-proBNP for predicting mortality and recurrent HF in patients with ADHF. The use of sST2 and galectin-3 as prognostic biomarkers was recommended in the 2017 American College of Cardiology/American Heart Association/Heart Failure Society of America HF guidelines (33). Considering that myocardial fibrosis is a chronic process, we will evaluate changes in these surrogates for cardiac fibrosis from admission to 6 months after discharge.




LIMITATIONS

This is an exploratory, descriptive study, which will include 150 patients. Therefore, it is not powered to determine differences in clinical adverse events, including mortality or major/minor bleeding. However, this study will provide information on the potential beneficial effect of rivaroxaban compared to warfarin on myocardial and renal injury by the biomarker levels. This information is expected to be used as substantial evidence for future large-scale clinical studies. Additionally, this study is not blinded, which can lead to potential bias.



CONCLUSIONS

We hypothesize that, compared with warfarin, rivaroxaban will reduce myocardial/renal injury and hemodynamic stress as reflected by the biomarker levels with an onset within 72 h, with an acceptable tolerability in hospitalized patients with ADHF and AF. Based on the results of this study, we hope to facilitate future biomarker-based, large-scale outcome trials in patients with ADHF and AF.
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