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ABSTRACT 

 

 Oral anticoagulation (OAC) remains the cornerstone of stroke prevention in patients with 

atrial fibrillation (AF). Some areas of OAC management are well supported, while other areas 

require further research to inform clinical practise and support guidelines. My thesis focuses on 

generating knowledge about OAC use in 2 understudied settings: a) the emergency department 

(ED), and b) after cardiac surgery.  

Chapter 1 is a preface that provides the rationale for conducting each of the following 

three chapters. In the ED, physicians are in a unique position to initiate OAC; however, 

prescription remains low. In the early period after open-heart surgery, initiating OAC is not the 

main issue, but rather, what class of OAC is the most safe and efficacious.  

Chapter 2 uses a global registry dataset to explore the clinical patterns that lead to 

initiating OAC in the ED, along with the factors associated with patients’ long-term use of OAC.  

Chapter 3 reviews the current literature around the safety and efficacy of direct oral 

anticoagulants (DOACs) compared to vitamin K antagonists (VKAs) in the early period after 

cardiac surgery.  

Subsequently, chapter 4 provides the rationale and design for the Direct Oral 

Anticoagulation versus Warfarin after Cardiac Surgery (DANCE) noninferiority, open-label 

vanguard trial.  

In chapter 5, I present the main conclusions of this thesis and areas for further research. 
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Background 

 Atrial fibrillation (AF) is an arrhythmia that affects an estimated 33 million people across 

the globe.(1) AF increases the risk of atrial thrombus formation;(2) patients with AF have a 5-

fold increased risk of ischemic stroke and a 2-fold increased risk of death compared to a patient 

without AF.(3)  

 There are three main approaches to stroke prevention in AF: 1) eliminating AF, 2) 

occluding the left atrial appendage (LAA), or 3) anticoagulating to reduce thrombus 

formation.(4) Research has explored methods of eliminating AF including antiarrhythmic 

medication, electrical cardioversion, and catheter or surgical ablation.(5) However, complete 

elimination of AF is often not attainable and, therefore, this approach is generally not favoured  

for stroke prophylaxis. LAA occlusion has shown some promise in previous trials; however, 

these studies were small and underpowered.(6, 7) The Left Atrial Appendage Occlusion Study 

(LAAOS III), a multinational randomized controlled trial of 4,700 patients undergoing cardiac 

surgery with or without LAA occlusion will definitively inform on the efficacy of LAA 

occlusion .(4) Until then, anticoagulation will remain the cornerstone of stroke prevention in AF.  

 

Anticoagulation therapy for stroke prevention: the golden bullet? 

 Oral anticoagulation (OAC) attenuates the risk of stroke in patients with AF, and 

improves their quality of life.(5, 8, 9) However, OAC also carries an increased risk for bleeding. 

In Canada and the United States, guidelines suggest the CHADS-65 and CHA2DS2-VASc stroke 

risk algorithms, respectively, and the HASBLED bleeding algorithm to predict the risk-benefit 

ratio for taking OAC.(5, 9)  
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Two major OAC classes are used in clinical practice: vitamin K antagonists (VKAs) and 

direct oral anticoagulants (DOACs). Warfarin, a VKA, has been the dominant agent since the 

1950s. It inhibits the synthesis of clotting factors II, VII, IX, and X in the coagulation 

cascade.(10) For stroke prevention, it is superior to placebo and antiplatelet therapy in most 

patients with AF, except for patients with very low risk for stroke.(8, 11-13) However, VKAs 

have several adverse drug and food interactions, and require frequent laboratory tests to maintain 

the international normalized ratio (INR) in the therapeutic anticoagulation range.(14) 

Consequently, VKAs are underused and can lead to suboptimal stroke prevention.(15) In the last 

decade, DOACs have become an alternative. The direct thrombin inhibitor dabigatran, and the 

factor Xa inhibitors apixaban, rivaroxaban and edoxaban, have few interactions with food and 

other drugs, have a rapid onset of effect, and a fixed dosage that negates the need for regular 

monitoring.(16) Most importantly, DOACs are superior to warfarin in reducing stroke, systemic 

embolism and all-cause death in patients requiring long-term OAC. In general, they also have a 

superior safety profile for bleeding.(17)  

Some areas of OAC management are supported by strong evidence from large 

randomized controlled trials. Other areas require further research to inform clinical practice and 

support guidelines. My thesis focuses on generating knowledge about OAC use in 2 understudied 

settings: a) the emergency department, and b) after cardiac surgery. 

 

Initiating oral anticoagulation in the emergency department  

 OAC reduces thromboembolic events; nevertheless, studies continue to show under-

prescription of guideline-directed OAC in general practice, and markedly, in the emergency 

department (ED).(18, 19) Clinicians who see AF patients in the ED are in a unique position to 
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initiate OAC in the ED; however, their decision process is complex. Clinicians must treat 

underlying comorbidities, stratify patients for OAC and explain the risks and benefits to the 

patient during the brief visit.(20) While long-term preventative treatments are often not initiated 

in the ED, a short-term prescription with coordinated follow-up care has been suggested. (20-22) 

In chapter 2, I explore the clinical patterns that lead to initiating OAC in the ED, along with the 

factors associated with patients’ long-term use of OAC using a global registry dataset. We found 

that early initiation of OAC is associated with increased long-term use and reduced rates of 

stroke and death. This information may facilitate targeted education and evidence-based 

interventions to enhance stroke prevention strategies starting in the ED. 

 

Current evidence for direct oral anticoagulation versus vitamin k antagonists after cardiac 

surgery 

 For the next two chapters, I move into the cardiac perioperative setting. AF is the most 

frequent complication after cardiac surgery and carries a significant risk of stroke and 

mortality.(23) Open heart surgery increases the risk of major bleeding early after surgery. 

Therefore, patients with AF after cardiac surgery require OAC that both minimizes the risk of 

stroke and bleeding. During long-term follow-up in the non-surgical population (e.g. patients 

with AF requiring stroke prevention, patients requiring venous thromboembolism prophylaxis), 

DOACs offer better stroke prevention and a lower risk of intracranial bleeding when compared 

to VKAs.(24) However, previous large trials comparing the two classes of OAC have excluded 

patients planned for cardiac surgery, providing no guidance for anticoagulation practice in this 

setting. In chapter 3, I review the current literature around the efficacy and safety of DOACs 

compared to VKAs in the post-operative cardiac surgery period. The results demonstrate the 
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clinical equipoise required to justify a randomized controlled trial comparing DOACs and VKAs 

in this setting. In chapter 4, I provide the rationale and design for the Direct Oral Anticoagulation 

versus Warfarin after Cardiac Surgery (DANCE) vanguard trial.  

 

Conclusion and final remarks 

 In chapter 5, I present the conclusions based on this thesis work, describe areas for 

further research, and provide final remarks. 
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ABSTRACT  

Study Objective: Oral anticoagulation (OAC) reduces stroke risk in patients with atrial 

fibrillation (AF).We sought to determine predictors of OAC initiation in AF patients presenting 

to the emergency department (ED). 

 

Methods: Secondary analysis of the RE-LY AF registry which enrolled individuals from 47 

countries who presented to an ED with AF and followed them for 1 year.  

 

Results: A total of 4149 patients with AF as their primary diagnosis who were not already taking 

OAC and had a CHA2DS2-VASc ≥1 for men or ≥2 for women were included in this analysis. Of 

these individuals, 26.8% were started on OAC in the ED and 29.8% were using OAC one year 

later. Factors associated with initiating OAC in the ED included: specialist consultation (relative 

risk [RR] 1.84, 95%CI 1.44-2.36), rheumatic heart disease (RR 1.60, 95%CI 1.29-1.99), 

persistence of AF at ED discharge (RR 1.33, 95%CI 1.18-1.50), diabetes mellitus (RR 1.32, 

95%CI 1.19-1.47), and hospital admission (RR 1.30, 95%CI 1.14-1.47). Heart failure (RR 0.83, 

95%CI 0.74-0.94), antiplatelet agents (RR 0.77, 95%CI 0.69-0.84), and dementia (RR 0.61, 

95%CI 0.40-0.94) were inversely associated with OAC initiation. Patients taking OAC when 

they left the ED were more likely to be using OAC at 1-year (RR 2.81, 95%CI 2.55-3.09) and 

had lower rates of death (RR 0.55, 95%CI 0.38-0.79) and stroke (RR 0.59, 95%CI 0.37-0.96). 

 

Conclusion: In patients with AF presenting to the ED, prompt initiation of OAC and specialist 

involvement are associated with a greater use of OAC one year later and may result in improved 

clinical outcomes. 
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INTRODUCTION  

Background 

Atrial fibrillation (AF) is the most common arrhythmia treated in the emergency 

department (ED) and is associated with a substantial risk for ischemic stroke and mortality.(1, 2) 

Oral anticoagulation (OAC) therapy is proven to reduce the risk of thromboembolism in patients 

with AF and is recommended by practice guidelines across the globe.(3-5) Nevertheless, studies 

continue to show the under-prescription of guideline-directed OAC in general practice, (6-8) and 

in the ED setting.(9-19) Although barriers exist, the ED may be a unique opportunity to improve 

stroke prevention for patients with AF eligible for OAC. (9-19) 

Importance 

Clinicians who see AF patients in the ED are in a position to initiate OAC in the ED; 

however, their decision process is complex. Clinicians must balance the benefit of OAC with the 

patient’s bleeding risk and consider comorbidities, some of which may not be identified during 

this single episode of care (20). Additionally, time may be insufficient to discuss risks and 

benefits with the patient in the ED and follow-up of OAC management is not guaranteed. To 

address these issues, a short-term prescription has been suggested. (20-22) We need to further 

understand the clinical patterns that lead to initiating OAC in the ED, along with the factors 

associated with patient’s long-term use of OAC. This information can facilitate targeted 

education and evidence-based interventions to enhance stroke prevention strategies. 

Goals of This Investigation 

We used the RE-LY AF (Risk Factors, Treatments and Outcomes for Emergency 

Department Patients with Atrial Fibrillation in Multiple Regions of the World) registry to 

determine the rate and predictors of OAC initiation in the ED, and the predictors of OAC use 1 
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year later. Given previous findings, we postulated that patients who were taking OAC when they 

left the ED will increase patient’s use of OAC at 1-year follow up and impact patient 

outcomes.(9) 

 

METHODS 

Data Source 

The RE-LY AF registry was an international prospective registry that enrolled patients 

who presented to an ED with a diagnosis of AF or atrial flutter.  Its design and primary results 

have previously been described.(23, 24) Ethical committees approved the study at participating 

centers in 47 countries, and sites collected clinical data through interviews with patients, review 

of medical records and contact with the treating physician. At 1-year following enrollment, 

medication use and outcomes were collected either in person or via phone, with supplementary 

information acquired through medical records. Countries were divided into 8 geographic regions 

based on 2011 World Bank definitions.(23, 25) These included: Southeast Asia, China, India, 

Africa, Middle East, Eastern Europe, South America, and a composite of North America, 

Western Europe and Australia.  

Study Population  

Between December 2007 and October 2011, the RE-LY AF registry enrolled 15 400 

patients. In this pre-planned sub-study, we excluded individuals who were on OAC at baseline. 

At enrolment, the site investigator registered the AF diagnoses as either being their primary 

reason or a secondary reason for the visit.  We only included patients with a primary diagnosis of 

AF and an indication for OAC (i.e. CHA2DS2-VASc ≥ 1 for men or ≥ 2 for women). We 

included both patients with pre-existing and newly diagnosed AF. Patients were included in the 
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study regardless of whether they left the ED to go home or were subsequently admitted to the 

hospital for continued care. 

Study Outcomes  

We determined the proportion of patients who were taking OAC when they left the ED, 

regardless of prescriber specialty, for stroke prophylaxis. We also recorded OAC use at 1-year 

follow-up. Secondary outcomes included stroke, major bleeding, and death at 1 year. In this 

study, stroke was captured as ischemic or hemorrhagic stroke. Major bleeding was captured as a 

fatal bleed, and/or symptomatic bleed in a critical area, and/or bleeding causing a fall in 

hemoglobin level of 20g/L or more or leading to transfusion of two or more unites of whole 

blood or red cells.(23, 24) 

Predictors of OAC Prescription after the ED visit  

 We did two analyses, first to determine the factors associated with initiating OAC in the 

ED (i.e. measured as taking OAC when they left the ED), and second, to determine the factors 

associated with OAC use at 1-year follow-up. A priori, we selected potential factors associated 

with OAC prescription based on the literature and factors perceived to influence physicians’ 

decision making to prescribe OAC. These variables included the individual components of the 

CHA2DS2-VASc score, a history of major bleeding prior to ED visit, taking concomitant 

antiplatelet therapy prior to ED visit, body mass index (BMI), sleep apnea, tobacco use, history 

of dementia or cognitive dysfunction, presence of rheumatic heart disease, previous valve 

surgery or percutaneous valvuloplasty, significant valvular heart disease, attempted 

cardioversion in ED, patient still in AF/flutter at the time they left the ED, consultation with a 

specialist (e.g. consultation or referral with an internist, cardiologist, hematologist) for AF 
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management in the ED or in hospital shortly after, and patient outcome from ED visit (i.e. 

admission to hospital versus discharged). 

Data Analysis 

 We summarized patient characteristics with mean and standard deviation for continuous 

variables, and with frequency and percentages for categorical variables. We used multivariable 

Poisson regression models with robust error variance to identify independent predictors of OAC 

initiation in the ED and usage at 1-year follow-up. We reported effect size via relative risk (RR) 

and their associated 95% confidence intervals (CI). All models were adjusted for region as a 

fixed effect. We forced prior stroke or transient ischemic attack (TIA), prior major bleeding and 

outcome from ED visit (admitted to hospital vs. discharged home) into the model given their 

clinical relevance. Other potential predictors with p-value < 0.2 in univariate analysis were tested 

for inclusion based on their influence on overall model fit and confounding effects. We used a 

backward elimination approach to sequentially remove baseline factors with p-values > 0.05, 

starting with the ones that had the highest p-value. To identify potential confounders, we added 

previously dropped factors back to the model and kept them in the model if the effect size of any 

existing predictors changed by >10%. Given that the patients admitted to hospital vs. discharged 

home may have very different risk profiles, we evaluated its interaction effect with each of the 

selected predictors and those interaction terms with p value<0.05 were kept in the multivariable 

models. 

We assessed the effects of initiating OAC in the ED on the risk of stroke, major bleeding 

and death at 1-year follow-up. Given the small event number for some clinical outcomes, we 

adopted a propensity score matching approach to control for potential confounding effects. We 

estimated propensity scores for OAC prescription in the ED by a logistic regression model with 
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region as a fixed effect, including the following variables: age, sex, heart failure, hypertension, 

stroke or TIA, diabetes, significant valvular heart disease, rheumatic heart disease, 

dementia/cognitive defects, concomitant antiplatelet agents, patient still in AF/flutter at the time 

of discharge from the ED, consultation with a specialist for AF management, outcome from ED 

visit (i.e. hospitalization versus ED discharge), history of major bleeding and falls.  One patient 

initiated on OAC in the ED was matched to up to two patients not prescribed OAC in the ED by 

logit of propensity score. Caliper width was set to 0.2 of pooled standard deviation of logit of 

propensity score.(26) We evaluated the quality of matching by standardized difference.(27) 

Conditional Poisson regression with robust error variance was conducted to account for the 

matched nature of the data. We performed statistical analyses using SAS statistical software, 

version 9.4 (SAS Institute, Inc., Cary, NC). 

 

RESULTS  

 A total of 4149 patients with AF as their primary diagnosis were included in this analysis. 

Among these 4149 patients, patients had a mean age of 67, had a mean CHA2DS2-VASc score of 

3.2, were attempted for cardioversion one third of the time, and frequently were still in AF at the 

time of leaving the ED. Table 1 summarizes full characteristics at baseline.  

Rates of OAC Initiation 

Upon leaving the ED, 1113 (26.8%) patients were initiated on OAC and 1232 (29.8%) 

were receiving OAC therapy at 1-year follow-up. The composite region of North America, 

Western Europe and Australia had the highest rate of initiating OAC in the ED and at 1-year 

follow up; while China had the lowest rate of OAC use (Table 2). After an ED visit, 34.0% of 

patients admitted to the hospital were initiated on OAC, and 32.5% were receiving OAC at 1 
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year. In contrast, among patients who were discharged from the ED, 16.2% of patients were 

initiated on OAC and 25.6% were receiving OAC at 1 year.  

Predictors for Anticoagulation Use 

Table 3 shows factors associated with OAC prescription in the ED. We also included the 

univariate analysis in Supplementary Table 1. Predictors of OAC prescription identified by 

multivariable analysis included: specialist consultation for AF management, having AF or atrial 

flutter status at the time of leaving the ED, admission to the hospital subsequently after the ED 

visit, history of rheumatic heart disease, and diabetes mellitus. Factors inversely associated with 

OAC initiation in the ED included patient having dementia or cognitive defects, taking 

antiplatelet agents prior to ED visit, and history of heart failure. We did not detect significant 

interaction effects between above-mentioned factors and outcome from ED visit.  

Table 4 details the multivariable analysis of factors associated with OAC use at 1-year 

follow-up. Predictors of OAC use at 1year included: taking OAC at the time of leaving the ED   

and history of stroke or TIA. Factors inversely associated with OAC use by 1 year included male 

gender and cardioversion during the ED visit. Significant interaction effects with outcome from 

ED visit (i.e. hospital admission or discharge from ED) were detected for history of heart failure 

and specialist consultation for AF management. Among patients who were discharged home, 

both history of heart failure and specialist consultation for AF management were independent 

predictors of OAC use at 1-year visit (RR 1.43, 95%CI 1.22-1.68 and RR 3.10, 95%CI 2.31-

4.16, respectively). Among patients who were admitted to hospital, however, neither of the 

factors were associated with OAC use at 1-year visit (RR 0.98, 95%CI 0.87-1.11 and RR 1.05 

95%CI 0.81-1.37, respectively).  

Outcomes at 1 Year  
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 In Table 5, we summarized clinical outcomes at 1 year. In our analysis, 953 patients who 

left the ED on OAC were matched to 1576 patients not taking OAC using propensity scoring. 

Standardized differences for all the baseline variables and region factors included in the 

propensity score model between the matched groups were less than 0.1, suggesting sufficient 

balance (Supplemental Table 2). After matching, patients initiated on OAC in the ED had 

significantly lower rates of death (RR 0.55, 95%CI 0.38-0.79) and stroke (RR 0.59, 95%CI 0.37-

0.96) at 1-year follow-up. The crude rate of major bleeding events was higher in patients started 

promptly on OAC (1.99% vs. 1.59%), but the difference was not statistically significant (RR 

1.26, 95%CI 0.72-2.19).  

 

DISCUSSION 

In this global registry of patients presenting to an ED with a diagnosis of AF, we found 

that only one quarter of at-risk patients according to the CHA2DS2-VASC score were started on 

OAC. The rate of OAC use 1 year following an ED visit was approximately 3 times higher 

among patients who were started on OAC in the ED; and, initiating OAC was associated with a 

lower risk of stroke and death. Our results suggest that increasing the rate of OAC initiation 

promptly in the ED and including access to timely specialist care for AF management are needed 

to optimize stroke prevention strategies in this patient population. 

Across the world, initiating OAC use during the ED visit varied extensively, from as low 

as 7% in low-income countries to 42% in North America, Europe and Australia. These low rates 

of OAC prescription in the ED are consistent with other studies and leave substantial room for 

improvement.(9-18)  In this study, patients who had returned to sinus rhythm before ED 

discharge were less likely to be started on OAC. These results are consistent with other studies, 
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including the PINNACLE registry.(9, 19, 28) While paroxysmal AF is associated with a lower 

risk of stroke compared to persistent or permanent AF, this lower risk may not be sufficient to 

withhold OAC.(3, 19, 29-31)  

Physicians were more likely to start OAC in patients with diabetes mellitus and 

rheumatic heart disease. This is expected as these patients are believed to be at higher risk; 

although, this paradigm for rheumatic heart disease has been challenged recently.(32-34) In 

contrast, OAC prescription during an ED visit was lower in patients with heart failure. Age, prior 

stroke or TIA showed no significant relationship with prescribing OAC in the ED. Hospital 

admission was associated with increased OAC use which may be expected as patients will have 

more opportunities to discuss AF management over the course of their stay. Similarly, 

coordinating AF management with a specialist resulted in higher rates of OAC prescription 

during an ED visit. 

Typically, the ED is not the setting for primary prevention, as physicians must manage 

the whole department, and understand the potential consequences of increased wait times.(35) 

Instead, patients are frequently admitted to the hospital or referred to outpatient care for further 

discussion on AF management. In our study, we found that patients who were discharged home 

from the ED were three times as likely to be using OAC long term when a specialist (e.g. 

cardiologist, hematologist) was involved in evaluating AF management. A study by Atzema et 

al. suggested that patients referred to a primary care provider for AF management may also 

significantly reduce their hazard of death.(36)  While most patients are seen within 30 days after 

their ED visit, (36) growing evidence suggests the initial encounter in the ED as a vital 

opportunity to introduce OAC for long-term stroke prevention.(20) Patients who were initiated 

on guideline recommended OAC in the ED were also 3 times more likely to be receiving OAC a 
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year later. Our findings are consistent with previous studies. In a retrospective study of 24 

Canadian EDs with 137 patients, a prescription for warfarin by ED discharge had 76% of eligible 

patients still using warfarin at 1 year compared to 36% of patients for whom OAC was not 

initiated in the ED.(21) In a separate study of 2132 patients, patients initiated on OAC by ED 

discharge were more likely to fill a prescription a year later than those not started (63.7% vs 

40.5%).(9) Although we did not account for all potential confounding variables, we found a 

reduction in deaths and strokes when initiating OAC early. Similarly, the EMERG-AF study of 

1162 patients in 62 Spanish EDs found a reduction in mortality, and reported no increase in 1-

year bleeding rates.(14) Our global registry adds evidence to a growing movement for early 

OAC in the ED to improve long-term stroke prevention.   

 Physicians working in the ED are in a unique position to introduce OAC and connect 

individuals with AF to outpatient care. For example, Rezazadeh et al. attached a reminder 

statement and a decision support package containing a guideline algorithm into charts of patients 

with a 12-lead-ECG showing AF.(15) This intervention increased rates of appropriate OAC use 

by 8.5%. In a prospective study of 301 patients, Barbic et al. found a 21.6% increase in 

appropriate OAC with an electronic clinical care pathway for patients with uncomplicated 

AF.(37)  Moreover, in the C-CUSP ED study, Parkash et al. found a greater than 30% increase in 

OAC prescription when using their ED OAC prescription tool and referral plan.(38) Considering 

our findings, evidence-based clinical pathways that support initiation of short-term ED OAC 

prescriptions combined with coordination of outpatient follow-up by a specialist or primary care 

provider may be the optimal pathway to maximize long-term OAC use and to optimize patient 

outcomes. As these strategies continue to develop, it is important to explore how they function in 

other healthcare systems around the world. Ultimately, physicians who work in the ED will 
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consider the evidence, feasibility and patient interests when deciding whether to initiate 

guideline directed OAC in patients with AF.   

 

LIMITATIONS 

Our results may be subject to confounding by indication. Despite careful adjustment and 

matching for critical covariates and potential confounders, we cannot exclude residual 

confounding. While the CHA2DS2-VASc score is currently used to stratify stroke risk in patients 

with AF, only its predecessor, the CHADS2 score was used in the first few years that patients 

were enrolled. We captured OAC use only at baseline and at 1-year follow-up. The main 

limitation of this study is that the RE-LY AF registry data are from an era where virtually all 

OAC treatment was with vitamin K anticoagulants.(9, 39) Although this registry is over five 

years old, it is one of the largest prospective registry studies of AF, with a significant number of 

patients from medium and low-income countries across all inhabited continents, and it is unlikely 

for a study of its size and scope to be repeated anytime soon. In addition, DOAC uptake may 

have increased OAC use; however, recent studies suggest similar issues remain present.   

 

CONCLUSION 

In this global registry of patients attending the ED with a primary diagnosis of AF, only 

one quarter of high-risk patients, according to the CHA2DS2-VASc score, was started on OAC. 

At 1-year, overall rates of OAC use remained low; however, rates were significantly higher in 

patients who had been started on OAC in the ED visit or who had seen a specialist for their AF 

management. System-wide initiatives are needed to support OAC prescribing from the ED and to 

coordinate subsequent follow-up. 
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TABLES 

Table 1: Baseline characterisitics of primary AF patients started on OAC in the ED or not 

Characteristics 

OAC 

(N=1113) 

No OAC 

(N=3036) 

P value † 

CHA2DS2-VASc score, mean ± SD  3.3±1.6 3.2±1.6 0.3 

Age (years), mean ± SD                            67.1±12.3 67.0±12.8 0.935 

Age category:                                                
  

0.773 

  <65, n (%) 398 (35.8)  1101 (36.3)  

  65-74, n (%) 376 (33.8) 1045 (34.4)  

  ≥75, n (%) 339 (30.5) 890 (29.3)  

BMI (kg/m2), mean ± SD                   28.3±6.2 26.1±5.3 <0.001 

BMI category:                                                    <0.001 

  <20, n (%) 47 (4.2) 241 (7.9)  

  20-30, n (%)  705 (63.3) 2172 (71.5)  

  >30, n (%) 340 (30.5) 549 (18.1)  

Gender(male), n (%) 569 (51.1) 1556 (51.3) 0.941 

MI or CAD, n (%) 310 (27.9) 1056 (34.8) <0.001 

Heart failure, n (%) 324 (29.1) 853 (28.1) 0.521 

Rheumatic heart disease, n (%)  59 (5.3) 152 (5.0) 0.702 

Permanent pacemaker, n (%)  35 (3.1) 79 (2.6) 0.344 

Cardiac surgery <30 days ago, n (%)   9 (0.8) 29 (1.0) 0.661 

Hypertension, n (%) 853 (76.6) 2189 (72.1) 0.003 

Hemorrhagic stroke, n (%)   4 (0.4) 16 (0.5) 0.49 

Ischemic stroke, n (%) 55 (4.9) 163 (5.4) 0.585 

Unknown stroke, n (%) 7 (0.6) 25 (0.8) 0.526 

TIA, n (%) 31 (2.8) 57 (1.9) 0.072 

Sleep Apnea, n (%) 45 (4.0) 103 (3.4) 0.317 

Tobacco use, n (%) 189 (17.0) 459 (15.1) 0.143 

Dementia or cognitive defects, n (%) 16 (1.4) 66 (2.2) 0.131 

Pericarditis, n (%) 7 (0.6) 14 (0.5) 0.5 
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Emphysema/COPD, n (%)  133 (11.9) 261 (8.6) 0.001 

Diabetes mellitus, n (%) 278 (25.0) 555 (18.3) <0.001 

Hyperthyroidism, n (%) 50 (4.5) 110 (3.6) 0.198 

Significant valvular heart disease, n (%) 128 (11.5) 508 (16.7) <0.001 

Valve Surgery, n (%) 30 (2.7) 67 (2.2) 0.356 

Patient has had major bleeding before, n (%) 22 (2.0) 68 (2.2) 0.606 

Diuretic, n (%) 372 (33.4) 1036 (34.1) 0.673 

Calcium Channel Blockers, n (%) 295 (26.5) 641 (21.1) <0.001 

Beta-Blocker, n (%) 447 (40.2) 1190 (39.2) 0.573 

ARB, n (%) 182 (16.4) 459 (15.1) 0.33 

ACE Inhibitor, n (%) 392 (35.2) 888 (29.2) <0.001 

Digoxin, n (%) 84 (7.5) 523 (17.2) <0.001 

Anti-Platelet Agents, n (%) 475 (42.7) 1517 (50.0) <0.001 

Lipid Lowering Agents, n (%) 394 (35.4) 767 (25.3) <0.001 

Anti-arrhythmic, n (%) 166 (14.9) 511 (16.8) 0.139 

Attempted cardioversion in ED, n (%) 373 (33.5) 1116 (36.8) 0.053 

Patient leaving ED still in AF/flutter, n (%) 852 (76.5) 2146 (70.7) <0.001 

Consultation with a specialist for AF 

management, n (%) 1052 (94.5) 2404 (79.2) <0.001 

Admitted to hospital after ED visit, n (%) 844 (75.8) 1638 (54.0) <0.001 

Legend: BMI, body mass index; MI, myocardial infarction; CAD, coronary artery disease; TIA, 

transient ischemic attack; COPD, chronic obstructive pulmonary disease; ARB, angiotensin II 

receptor blockers; ACE, angiotensin converting enzyme;  

† P value is from Fisher's exact test or Chi-square test for categorical variables, depending on the 

expected cell counts, and two-sample t-test for continuous variables 
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Table 2: OAC initiation in the ED and use at 1-year follow up 

 

In the ED 

n/N (%) 

Use at 1-Year  

n/N (%)  

Overall 1113/4149 (26.8) 1232/4141 (29.8) 

By Region   

         N. Am/ W. Eur/ Aus.                                      386/918 (42.0) 432/918 (47.1) 

         Eastern Europe                                      356/898 (39.6) 304/898 (33.9) 

         Middle East                                         67/181 (37.0) 66/176 (37.5) 

         Africa                                              55/180 (30.6) 33/180 (18.3) 

         South America                                       78/365 (21.4) 106/364 (29.1) 

         Southeast Asia                                      41/199 (20.6) 47/197 (23.9) 

         India                                               89/782 (11.4) 212/782 (27.1) 

         China                                               41/626 (6.5) 32/626 (5.1) 

By Patient Outcome from ED visit   

         Admitted to Hospital 844/2482 (34.0) 806/2477 (32.5) 

         Discharged Home 269/1667 (16.2) 426/1664 (25.6) 

Legend: N. Am, North America; W. Eur, Western Europe; Aus, Australia 
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Table 3: Multivariable analysis of factors associated with OAC initiation in the ED  

Predictor 

In the ED 

Relative Risk (95% CI) 

P value 

ED Management   

Consultation with a specialist for AF management* 1.84 (1.44-2.36) <0.001 

Patient still in AF/flutter                                  1.33 (1.18-1.50) <0.001 

Outcome from ED visit (admitted to hospital vs. 

discharged home) 1.30 (1.14-1.47) 

<0.001 

Demographics and Prior Medical History 
 

 

Rheumatic heart disease                                      1.60 (1.29-1.99) <0.001 

Diabetes mellitus                                            1.32 (1.19-1.47) <0.001 

Stroke/TIA                                                   1.15 (0.97-1.37) 0.101 

Heart failure                                      0.83 (0.74-0.94) 0.003 

Anti-Platelet Agents                                         0.77 (0.69-0.84) <0.001 

Patient has had major bleeding before                    0.77 (0.53-1.11) 0.162 

Dementia or cognitive defects                                0.61 (0.40-0.94) 0.025 

Region (ref: N. Am/W. Eur/Aus.)       <0.001 

  Eastern Europe                                             0.93 (0.83-1.05)  

  Middle East                                                0.76 (0.62-0.93)  

  Africa                                                     0.68 (0.54-0.87)  

  South America                                              0.51 (0.41-0.62)  

  Southeast Asia                                             0.50 (0.38-0.66)  

  India                                                      0.27 (0.22-0.34)  

  China                                                      0.18 (0.13-0.25)  

Legend: TIA, transient ischemic attack; N. Am, North America; W. Eur, Western Europe; Aus, 

Australia; CI, confidence interval 

*Consultation or referral with a specialist (e.g. internist, cardiologist, hematologist) for AF 

management 
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Table 4: Multivariable analysis of factors associated with OAC use at 1-year follow up 

Predictor 

Use at 1-Year  

Relative Risk (95% CI) 

P value 

ED Management   

Consultation with a specialist for AF management* 3.10 (2.31-4.16) <0.001 

Initiating OAC use in the         

ED                                      

2.81 (2.55-3.09) <0.001 

Outcome from ED visit (admitted to hospital vs. 

discharged home) 

2.46 (1.69-3.59) 0.091 

Cardioversion in the ED 0.84 (0.77-0.92) <0.001 

Demographics and Prior Medical History   

Heart failure 1.43 (1.22-1.68) 0.001 

Stroke/TIA                                                 1.25 (1.09-1.42) 0.001 

Patient has had major bleeding before                1.11 (0.84-1.46) 0.459 

Sex (male) 0.91 (0.83-0.98) 0.02 

Interaction Effects of Predictors with Outcome 

from ED Visit 

  

Admitted to hospital × specialist consultation for 

AF management 0.34 (0.23-0.50) <0.001 

Admitted to hospital × heart failure 0.69 (0.57-0.84) <0.001 

Region (ref: N. Am/W. Eur/Aus.)      <0.001 

  Eastern Europe                                             0.71 (0.64-0.80)  

  Middle East                                                0.87 (0.74-1.03)  

  Africa                                                     0.42 (0.32-0.56)  

  South America                                              0.73 (0.61-0.87)  

  Southeast Asia                                             0.64 (0.50-0.82)  

  India                                                      0.96 (0.84-1.10)  

  China                                                      0.19 (0.13-0.26)  

Legend: TIA, transient ischemic attack; N. Am, North America; W. Eur, Western Europe; Aus, 

Australia; CI, confidence interval 

*Consultation or referral with a specialist (e.g. internist, cardiologist, hematologist) for AF 

management 
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Table 5:  Effect of initiating OAC in the ED on clinical outcomes at 1-year follow-up in the 

unmatched and propensity score matched population 

 Unmatched Population  Matched Population*  

 OAC 

N = 

1111 

No OAC 

N =3030 

 

RR (95%CI) P 

value 

OAC 

N = 953 

No OAC 

N = 

1576 

 

RR (95%CI) P 

value 

Death 47 

(4.2%) 

232 (7.7%) 0.55 (0.41-

0.75) 

<0.001 36 

(3.8%) 

109 

(6.9%) 

0.55 (0.38-

0.79) 

0.001 

Stroke 27 

(2.4%) 

109 (3.6%) 0.68 (0.45-

1.02) 

0.06 23 

(2.4%) 

64 

(4.1%) 

0.59 (0.37-

0.96) 

0.03 

Major 

Bleeding 

23 

(2.1%) 

35 (1.2%) 1.79 (1.06-

3.02) 

0.03 19 

(2.0%) 

25 

(1.6%) 

1.26 (0.72-

2.19) 

0.42 

Legend: RR (95%CI), relative risk (95% confidence interval) 

*Patients taking OAC in the ED visit were matched to up to two patients who were not started on 

OAC using propensity scoring. 
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Supplementary Material  

Supplementary Table 1: Univariate analysis of factors associated with OAC initiation in the ED and use at 1-year follow up 

Predictor 

In the ED  

Relative Risk (95% CI) P value 

Use at 1-Year  

Relative Risk (95% CI) P value 

Age (years) (ref: <65)                                                 0.524   0.229 

  65-74                                                      0.99 (0.88-1.11)  1.09 (0.98-1.22)  

  ≥75                                          1.05 (0.93-1.18)  1.02 (0.91-1.15)  

BMI (kg/m2) (ref: <20)                                                 0.017   0.002 

  20~30                                                      1.09 (0.83-1.42)  0.98 (0.79-1.22)  

  >30                                                        1.26 (0.95-1.65)  1.18 (0.94-1.48)  

Gender (male)                                                 0.97 (0.88-1.07) 0.512 0.90 (0.82-0.99) 0.022 

Heart failure                                          0.91 (0.81-1.02) 0.103 1.12 (1.00-1.25) 0.041 

Rheumatic heart disease                                      1.64 (1.32-2.05) <0.001 1.33 (1.08-1.63) 0.007 

Hypertension                                                 1.03 (0.92-1.16) 0.595 1.11 (1.00-1.24) 0.061 

Stroke/TIA                                                   1.10 (0.93-1.30) 0.278 1.32 (1.14-1.52) <0.001 

Sleep Apnea                                                  0.92 (0.73-1.16) 0.484 0.99 (0.79-1.24) 0.94 

Tobacco use                                                  1.04 (0.92-1.18) 0.545 1.00 (0.88-1.13) 0.989 

Dementia or cognitive defects                                0.59 (0.38-0.91) 0.017 0.89 (0.62-1.27) 0.509 

Diabetes mellitus                                            1.31 (1.18-1.46) <0.001 1.05 (0.94-1.17) 0.378 

Significant valvular heart disease                           0.94 (0.80-1.10) 0.429 1.06 (0.93-1.21) 0.388 

Valve Surgery                                                1.21 (0.88-1.65) 0.239 1.26 (0.98-1.61) 0.067 
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Patient has had major bleeding before                        0.75 (0.52-1.08) 0.123 1.03 (0.79-1.34) 0.83 

Anti-Platelet Agents                                         0.76 (0.69-0.84) <0.001 0.90 (0.83-0.99) 0.029 

Cardioversion in ED                                          0.87 (0.78-0.97) 0.009 0.81 (0.74-0.90) <0.001 

Patient still in AF/flutter                                  1.40 (1.24-1.57) <0.001 1.34 (1.20-1.50) <0.001 

Consultation with a specialist for AF 

management*                      2.08 (1.62-2.67) <0.001 2.32 (1.86-2.90) <0.001 

Outcome from ED visit (admitted to hospital vs. 

discharged home) 1.53 (1.35-1.74) <0.001 

1.04 (0.94-1.15) 

0.409 

Initiating OAC use in the ED N/A - 2.89 (2.63-3.17) 

 
<0.001 

Legend: BMI, body mass index; TIA, transient ischemic attack; CI, confidence interval  

*Consultation or referral with a specialist (e.g. internist, cardiologist, hematologist) for AF management 
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Supplementary Table 2: Evaluation of balance of baseline covariates in the unmatched and matched populations using propensity 

score matching* 

 

 Unmatched Population Matched Population 

 OAC in ED  

(N=1111) 

No OAC in 

ED 

(N=3030) 

Standardized 

difference † 

OAC in ED 

(N=953) 

No OAC in 

ED (N=1576) 

Standardized 

difference † 

Age (years), mean ± SD 67 ±12.3 67.0 ±12.8 0.0009 67.0 ±12.2 67 ±12.5 -0.0114 

Gender(male), n(%) 568 (51.1) 1551 (51.2) -0.0013 490 (51.4) 792 (50.3) 0.0233 

Heart failure, n(%) 323 (29.1) 853 (28.2) 0.0204 285 (29.9) 473 (30.0) -0.0023 

Hypertension, n(%) 851 (76.6) 2185 (72.1) 0.1029 717 (75.2) 1201 (76.2) -0.0226 

Stroke/TIA, n(%) 97 (8.7) 261 (8.6) 0.0042 85 (8.9) 139 (8.8) 0.0035 

Diabetes mellitus, n(%) 276 (24.6) 554 (18.3) 0.1600 215 (22.6)  348 (22.1) 0.0115 

Significant valvular heart 

disease, n(%) 

128 (11.5) 507 (16.7) -0.1500 109 (11.4) 187 (11.9) -0.0133 

Rheumatic heart disease, 

n(%) 

59 (5.3) 151 (5.0) 0.0148 50 (5.2) 76 (4.8) 0.0194 

Dementia or cognitive 

defects, n(%) 

16 (1.4) 66 (2.2) -0.0554 15 (1.6) 30 (1.9) -0.0252 

Anti-Platelet Agents, n(%) 473 (42.6) 1515 (50.0) -0.1493 411 (43.1) 744 (47.2) -0.0821 

Patient still in AF/flutter, 

n(%) 

851 (76.6) 2143 (70.7) 0.1336 721 (75.7) 1145 (72.7) 0.0686 
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Referred to specialist for AF, 

n(%) 

1050 (94.5) 2398 (79.1) 0.4653 892 (93.6) 1460 (92.6) 0.0379 

History of major bleeding, 

n(%) 

22 (2.0) 68 (2.2) -0.0184 19 (2.0) 39 (2.5) -0.0325 

History of falls, n(%) 82 (7.4) 199 (6.6) 0.0320 75 (7.9) 128 (8.1) -0.0093 

Outcomes from ED visit 

(admitted) 

842 (75.8) 1635 (54.0) 0.4689 705 (74.0) 1137 (72.1) 0.0413 

Regions       

North America/Western 

Europe/Australia, n(%) 

386 (34.7) 532 (17.6) 0.3988 311 (32.6) 474 (30.1) 0.0552 

South America, n(%) 78 (7.0) 286 (9.4) -0.0881 70 (7.3) 134 (8.5) -0.0429 

Eastern Europe, n(%) 356 (32.0) 542 (17.9) 0.3315 303 (31.8) 472 (29.9) 0.0399 

Middle East, n(%) 65 (5.9) 111 (3.7) 0.1029 57 (6.0) 91 (5.8) 0.0088 

Africa, n(%) 55 (5.0) 125 (4.1) 0.0396 43 (4.5) 76 (4.8) -0.0147 

India, n(%) 89 (8.0) 693 (22.9) -0.4202 87 (9.1) 165 (10.5) -0.0451 

China, n(%) 41 (3.7) 585 (19.3) -0.5049 41 (4.3) 82 (5.2) -0.0423 

Southeast Asia, n(%) 41 (3.7) 156 (5.1) -0.0710 41 (4.3) 82 (5.2) -0.0423 

Legend: TIA, transient ischemic attack 

* Caliper width for propensity score matching was set to 0.2 of pooled standard deviation of logit of propensity score.  

Each patient with OAC after ED visit was matched to up to 2 patients without OAC after ED visit 

† A standardized difference <0.1 was considered as a negligible difference between groups 
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ABSTRACT  

Aims: To assess the safety and efficacy of direct oral anticoagulants (DOACs) versus vitamin K 

antagonists (VKAs) in patients requiring anticoagulation after recent cardiac surgery. 

 

Methods: We searched MEDLINE, EMBASE and CENTRAL until June 2020 and included 

studies that compared outcomes for patients given DOACs or VKAs for any indication after 

cardiac surgery. We excluded studies if >5% of patients were undergoing a mechanical valve 

replacement or had antiphospholipid syndrome. Independently and in duplicate, reviewers 

screened titles, abstracts, and full text of potentially eligible studies. We pooled observational 

studies using a random effects model and assessed quality of evidence using GRADE. 

 

Results: Eight observational studies met eligibility criteria, representing 38 345 patients: 13 180 

(34%) patients received DOACs and 25 165 (66%) patients received VKAs. No randomized 

controlled trials met eligibility criteria. In the first 30 days after surgery, DOACs were associated 

with a significant reduction in major bleeding events (risk ratio [RR] 0.75; 95% confidence 

interval [CI] 0.59-0.94, I2 = 0%). We found no significant difference in risk of stroke (RR 0.76; 

95% CI 0.55-1.05, I2 = 0%), or death (RR 1.20; 95% CI 0.98-1.47, I2 = 0%). Quality of evidence 

was very low due to risk of bias, indirectness and imprecision.  

 

Conclusions: DOACs may be an alternative to VKAs in the initial weeks after cardiac surgery. 

Given the very low confidence in the current data, a randomized trial is needed to determine 

whether DOACs are a safe alternative to VKAs early after cardiac surgery.   
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INTRODUCTION 

Of patients undergoing cardiac surgery, 7% require anticoagulation pre-operatively. By 

the time of discharge after surgery, 32% have an indication for oral anticoagulation (PJ 

Devereaux, Principal Investigator of VISION Cardiac Surgery, unpublished data, 2019). Optimal 

antithrombotic strategies after cardiac surgery remain uncertain.  

Until 2008, vitamin K antagonists (VKAs) were the only oral anticoagulants (OAC) 

available. Although effective, their use is limited by a narrow therapeutic index requiring 

frequent international normalized ratio (INR) measurements to ensure appropriate levels of 

anticoagulation,(1) leading to underuse, non-compliance and discontinuation.(2, 3) 

In the last decade, direct oral anticoagulants (DOACs) – inhibitors of factor Xa or 

thrombin – have become broadly used.(4) In patients with AF requiring long term stroke 

prevention, DOACs yield lower rates of thromboembolism, and a lower risk of intracranial 

bleeding when compared to VKAs during long-term follow-up.(5-8) Moreover, DOACs have a 

rapid onset of effect, fixed dosage that obviates the need for regular monitoring, and few 

interactions with food and other medications.(9)  

The safety of DOACs in the early weeks after cardiac surgery remains uncertain. Caution 

around DOACs after cardiac surgery stems from the Randomized, Phase II Study to Ev2aluate 

the Safety and Pharmacokinetics of Oral Dabigatran Etexilate in Patients after Heart Valve 

Replacement (RE- ALIGN) trial.(10) The RE-ALIGN trial compared the safety of dabigatran to 

warfarin after mechanical valve replacement. Patients on dabigatran had a significantly higher 

rate of major bleeding (hazard ratio [HR] 2.45; 95% confidence interval [CI], 1.23 to 4.86; P = 

0.01) early after surgery. In addition, 7 patients experienced a pericardial bleeding in the 

dabigatran arm as compared to 2 patients in the warfarin arm. Although the difference did not 
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reach statistical significance (HR 1.76; 95% CI 0.36-8.45; p=0.48), these results have led some 

clinicians to avoid DOACs in the early period after cardiac surgery.(10, 11)  

Despite the lack of high quality evidence, resumption or initiation of DOACs early after 

cardiac surgery is becoming more common.(11, 12)  To address this, we performed a systematic 

review of studies comparing the safety and efficacy of DOACs compared to VKAs in patients 

requiring anticoagulation after cardiac surgery.  

 

RESEARCH QUESTION 

In adults requiring anticoagulation after cardiac surgery, does treatment with DOAC 

compared with VKA impact the incidence of major bleeding, stroke events and mortality after 

surgery? 

 

METHODS 

Prior to beginning our study, we registered our protocol with PROSPERO 

(CRD42019141097). 

Search Strategy 

We searched EMBASE, MEDLINE and Cochrane Central Register of Controlled Trials 

(CENTRAL) from 2009 to June 2020 using a search strategy designed with the support of a 

research librarian (Supplementary Tables 1, 2 and 3). We started our search from 2009 because 

this is when the first indication-seeking DOAC trial was published.(7) We also searched 

Clinicaltrials.gov, the World Health Organization (WHO) International Clinical Trial Registry 

Platform (ICTRP), and the International Standard Registered Clinical/Social Study Number 

(ISRCTN) registry for relevant ongoing or unpublished studies. Along with searching the 
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references of included studies, we reviewed the conference proceedings for the last 2 years of the 

European Society of Cardiology, European Association for Cardio-Thoracic Surgery. American 

College of Cardiology, American Heart Association, and the Society of Thoracic Surgeons. We 

also inquired with topic experts about unidentified studies.  

Study Selection 

 In duplicate, two reviewers (PM and HA) independently screened titles and abstracts of 

identified references using Covidence online.(13) If a reviewer deemed a study potentially 

relevant, its full text was reviewed independently and in duplicate. A third investigator resolved 

conflicts regarding eligibility.  

Eligibility Criteria 

The population of interest was adults requiring OAC for any indication following cardiac 

surgery. Studies were included if they compared DOACs (i.e. apixaban, dabigatran, rivaroxaban, 

edoxaban), with VKAs. We excluded studies if >5% of patients were undergoing a mechanical 

valve surgery or had antiphospholipid syndrome. Outcomes of interest included major bleeding, 

stroke, arterial systemic embolism, mortality, length of hospital stay, patient satisfaction, and 

quality of life measured in the 30 days and 90 days after cardiac surgery. We included 

randomized controlled trials (RCTs) and comparative observational studies with no language 

restrictions. 

Data Abstraction and Management 

 For included studies, two reviewers independently abstracted data using Covidence 

online software. (13) Abstracted data included author name and institution, study design, 

population demographics per group (DOAC and VKA), indication for anticoagulation, length 
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and dosage of interventions, outcome definitions and outcome data. We contacted the 

corresponding authors when data of interest were missing in the primary report.  

Risk of Bias Assessment 

For observational studies, we used tools designed by the Clinical Advances Through 

Research and Information Translation (CLARITY) research group at McMaster University.(14) 

These tools contained eight questions: 1) Were patients in the exposed and non-exposed cohorts 

drawn from the same population? 2) Can we be confident in the assessment of exposure? 3) Can 

we be confident that the outcome of interest was not present at start of study? 4) Did the study 

match exposed and unexposed for all variables that are associated with the outcome of interest or 

did the statistical analysis adjust for these prognostic variables? 5) Can we be confident in the 

assessment of the presence or absence of prognostic factors? 6) Can we be confident in the 

assessment of outcome? 7) Was the follow up of cohorts adequate? 8) Were co-interventions 

similar between groups? The tool uses the terminology of ‘definitely yes/ probably yes/ probably 

no/ definitely no’ in response to each question. If any of the questions were answered with 

‘definitely no’ then we considered the study to have a high risk of bias. If one or more questions 

were answered ‘probably yes or probably no,’ then we considered the study to have unclear risk 

of bias. If all questions were answered as ‘definitely yes,’ then we considered the study to have 

low risk of bias. We resolved disagreement in risk of bias evaluation through discussion.  

For randomized controlled trials, we planned to use the Revised Cochrane risk of bias 

tool and the accompanying users guide.(15) 

Statistical Analyses 

 We performed analyses using Review Manager 5.4 software (Cochrane 
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Collaboration). Where multiple studies were sufficiently homogenous in describing an outcome, 

we used a random effects model to generate a pooled estimate of effect. Our pooled estimates are 

presented as a risk ratio (RR) with 95% CI. We assessed heterogeneity by inspecting the forest 

plots in conjunction with the I² statistic and a χ² test (statistical significance set at p<0.10).(16) In 

the presence of 10 or more studies addressing the same outcome, we planned to use a funnel plot 

to visually assess for publication bias. 

Subgroup Analyses 

 We prespecified three exploratory subgroup analyses: low risk of bias versus 

high/unclear, type of DOAC, and type of cardiac surgery. However, data were insufficient to 

perform these analyses. 

Quality of Evidence Assessment 

We used the Grading of Recommendations Assessment, Development and Evaluation 

(GRADE) approach to assess quality of evidence. GRADE appraises the certainty of evidence 

per outcome by considering within study risk of bias, inconsistency, indirectness, imprecision, 

and potential publication bias. 

 

RESULTS 

We screened 2697 citations, reviewed 49 full-text report, and ultimately included 8 comparative 

observational studies (Figure 1). No published RCTs to date has answered this question. The 8 

retrospective observational studies meeting eligibility criteria included a total of 38 345 patients, 

of which 13 180 (34%) received a DOAC and 25 165 (66%) received a VKA after cardiac 

surgery.(12, 17-24) Characteristics of included studies are presented in Table 1.  

Major bleeding 
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 Eight studies reported on major bleeding within 30 days after surgery (Figure 2). Pooled 

data from 38 247 patients with 381 events demonstrated a significant reduction in major bleeding 

with DOACs compared to VKAs (RR 0.75; 95% CI 0.59-0.94). Event rates were 0.7% (range: 0-

10.2%) with DOACs, and 1.1% (range:0-21.9%) with VKAs. We rated the overall evidence for 

this outcome at 30 days as very low quality due to risk of bias and indirectness (Supplementary 

Table 4). In contrast, at 90 days after surgery pooled data showed no significant difference in 

major bleeding events with DOACs compared to VKA (RR 0.97; 95% CI 0.61-1.55) 

(Supplementary Figure 1). 

Stroke 

 Six studies reported stroke events within 30 days after cardiac surgery (Figure 3). Stroke 

rates were 0.4% (range: 0-6.1%) with DOACs, and 0.6% (range: 0-2.1%) with VKAs. Pooled 

data of 37 953 patients with 213 events showed no significant difference in stroke events with 

DOACs compared to VKAs (RR 0.76; 95% CI 0.55-1.05). We rated the overall evidence for this 

outcome at 30 days as very low quality due to risk of bias, indirectness and imprecision 

(Supplementary Table 4). Moreover, at 90 days after surgery pooled data showed no significant 

difference in stroke events with DOACs compared to VKA (RR 0.75; 95% CI 0.55-1.03) 

(Supplementary Figure 2). 

Mortality 

 Three studies reported deaths within 30 days after cardiac surgery (Figure 4). 

Pooled data from 37 671 patients with 398 vents showed no significant difference in death rates 

with DOACs compared to VKAs (RR 1.20; 95% CI 0.98-1.47) Patients on DOACs had a 

mortality rate of 1.2% (range: 0.9-4.1), while patients on VKAs had a 1% mortality rate (range: 

0.6-3.1%). We rated the overall evidence for this outcome at 30 days as very low quality due to 
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risk of bias and imprecision (Supplementary Table 4). Similarly, at 90 days after surgery pooled 

data showed no significant difference in death events with DOACs compared to VKA (RR 1.18; 

95% CI 0.97-1.44) (Supplementary Figure 3). 

Post-operative length of stay 

Patients given DOAC had a shorter length of hospital stay after surgery. Detailed results 

are presented in Table 2. 

 

DISCUSSION 

Key Findings 

In this systematic review and meta-analysis of comparative observational studies, 

DOACs, as compared to VKAs, were associated with a reduction in major bleeding within 30 

days post cardiac surgery. DOACs were not associated with differences in the risk of stroke or 

death. However, post-operative length of stay was shorter in patients who received DOACs. At 

90 days post cardiac surgery, there was no significant difference in rates of major bleeding, 

strokes or death rates between OAC type. The confidence in the estimates of effect is diminished 

by the very low quality of the data. 

 

Context within the literature 

 To our knowledge, this is the first systematic review and meta-analysis to compare 

DOACs to VKAs in patients requiring anticoagulation after cardiac surgery. Other, indirect 

evidence suggests that using DOACs after noncardiac surgery may be safe. A recent systematic 

review pooled 4 sub-studies of the landmark DOAC trials, comparing DOACs to warfarin in the 

periprocedural setting in 16,253 patients (25). This analysis found no significant difference 
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between DOACs and VKA with respect to major bleeding (2.1% versus 2.0%; RR 1.05; 95% CI 

0.85-1.30) or stroke/systemic embolism (0.4% versus 0.5%; pooled RR 0.95; 95% CI 0.59-1.55) 

at 30 days post-surgery when OAC therapy was interrupted and resumed after surgery. While 

this was a sizeable meta-analysis, very few patients (n ~157, ≤2%) underwent cardiac surgery in 

these trials. One other study informs on the safety of DOACs after cardiac surgery. The 

Cardiovascular Outcomes for People Using Anticoagulation Strategies – Coronary Artery 

Bypass Grafting (COMPASS – CABG) sub-study, evaluating low-dose rivaroxaban among 1448 

participants, found no increase in major bleeding in the first 30 post-operative days when started 

on rivaroxaban within 4 and 14 days after surgery.(26) Major bleeding in the first 30 days after 

(CABG) occurred in 2 (0.4%) participants who received rivaroxaban (2.5 mg BID) plus aspirin, 

1 (0.2%) who received rivaroxaban alone (5 mg BID), and 5 (1.1%) who received aspirin 

alone.(26) Although this study are re-assuring, they represent indirect evidence as the risk of 

pericardial bleeding after noncardiac surgery is almost non-existent and the doses of rivaroxaban 

studied in COMPASS were lower than the atrial fibrillation (AF) doses.   

Interpretation of findings 

Our results suggest that DOACs may be a safe alternative to VKAs in patients who have 

recently undergone cardiac surgery. However, given the very low quality of the current body of 

evidence, these results have to be interpreted with caution. Randomized studies are required to 

determine if DOACs are a safe and effective alternative to VKAs in this patient population. 

Our confidence in these data is further weakened because of the divergence in outcomes: 

DOACs were associated with a non-significant increase in mortality, a non-significant reduction 

in stroke and a reduction in bleeding. While the associations with stroke and bleeding are aligned 



Pablo Mendoza – MSc Thesis – Health Research Methodology, McMaster University 
 

 53 

with the results of large DOAC trials, the non-significant increase in mortality raises the question 

of confounding. 

The European Heart Rhythm Association (EHRA) completed a survey among 16 centres 

in 14 countries to assess current practice related to OAC use in patients with AF after cardiac 

surgery.(27) One quarter of respondents reported that they did not use DOACs in this setting. 

Respondent reported rates of post-operative pericardial bleeding ranging from 0 to 6.5%, and one 

third of the respondents perceived the use of DOACs in this setting to increase the risk of 

bleeding, compared to VKAs. While studies suggest an increase in DOAC use after cardiac 

surgery, VKAs continue to be the predominant choice of OAC.(12) The authors of the survey 

concluded by calling for more data to uniform practice guidelines. The need for further data is 

also highlighted in an American College of Cardiology (ACC) Clinical Expert Document 

Taskforce.(11)  

Four ongoing randomized controlled trials are exploring this question (Table 3). Dyke 

and colleagues are performing a 56-participant pilot trial comparing apixaban to warfarin for the 

management of AF after CABG.(28) Voisine and colleagues are enrolling in a 206-participant 

RCT comparing DOAC to warfarin in patients with AF after cardiac surgery. (29) Osho and 

colleagues are undertaking a 300-participant RCT comparing rivaroxaban to warfarin for patients 

with AF after cardiac surgery.(30) Our group is beginning the vanguard phase of the Direct oral 

AnticoagulatioN versus warfarin after Cardiac surgEry (DANCE) international randomized 

controlled trial (NCT04284839), where we will recruit 400 patients with AF requiring OAC to 

determine feasibility of the a definitive trial enrolling approximately 6000 patients from 30 

countries. 
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Strengths and limitations 

 Our systematic review has several strengths including a pre-registered protocol, a well-

designed search strategy, and rigorous methods. In addition, we included unpublished subgroup 

data from the RE-LY trial, and, created a comprehensive summary of all present evidence around 

this topic. Our work is limited by the quality of the included studies - none presented adjusted 

analyses, limited information in studies published as abstracts only, and heterogenous outcome 

definitions. 

Conclusions 

 DOACs may be an alternative to VKAs in the initial weeks after cardiac surgery. Given 

the very low confidence in the current data and indirect external evidence suggesting an 

increased risk of pericardial bleeding, a rigorous trial is needed to determine whether DOACs are 

a safe alternative to VKAs early after cardiac surgery.   
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FIGURES 

Figure 1: PRISMA systematic review flow diagram for searching and selecting studies 
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Figure 2: Forest plot of major bleeding events within 30 days post-surgery  

 

 

Figure 3: Forest plot of stroke events within 30 days post-surgery  

 

 

Figure 4: Forest plot of death within 30 days post-surgery  

 

 

 

 

 

 

 

 

 



TABLES 

Table 1: Characteristics included studies 

Study Data Source Population Intervention Outcomes Follow Up 

Anderson 2015 Retrospective analysis 

at 1 large tertiary centre 

(2013-2015) 

*Full paper 

Patients with 

new-onset AF 

following an 

isolated CABG  

27 DOAC 

(apixaban, 

dabigatran, 

rivaroxaban) 

45 warfarin 

(62% 

bridged)       

Major bleed 

Minor bleed 

Stroke 

Mortality 

4 weeks 

after 

surgery 

Yu 2019 Retrospective analysis  

(2014-2017) 

*Full paper  

Patients 

undergoing 

isolated CABG 

with any 

indication 

requiring 

anticoagulation  

64 DOAC 

(apixaban, 

dabigatran, 

rivaroxaban) 

182 warfarin 

(57% 

bridged) 

Major bleed 

(pericardial and 

pleural effusion 

requiring invasive 

intervention) 

 

Post-operative length 

of stay 

During 

index 

hospital 

stay & 3 

months 

after 

discharge 

RELY 2014  Retrospective analysis  

(2005-2009) 

*Unpublished data 

Patients with 

pre-existing AF 

undergoing 

isolated CABG 

49 DOAC 

(dabigatran) 

32 warfarin 

(bridging 

unreported) 

Major bleed 

Minor bleed 

Stroke 

Mortality 

Post-operative length 

of stay 

30 & 90 

days after 

surgery 

Birring 2014 Retrospective analysis 

from the National Adult 

Cardiac Surgery 

Database in UK (2014) 

*Abstract 

Patients with 

new-onset AF 

following 

cardiac surgery 

(unspecified) 

7 DOAC 

(dabigatran) 

20 warfarin 

(bridging 

unreported) 

Major bleed† 

Stroke† 

Post-operative length 

of stay 

Until 

hospital 

discharge 
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Study Data Source Population Intervention Outcomes Follow Up 

Patel 2018 Retrospective analysis at 

1 centre (2014-2017) 

*Abstract 

Patients with 

new-onset AF 

following 

isolated CABG 

67 DOAC 

(apixaban, 

dabigatran, 

rivaroxaban) 

79 warfarin 

(bridging 

unreported) 

Major bleed 

Minor bleed 

Stroke 

Post-operative length 

of stay 

Not 

reported 

Beller 2019 Retrospective analysis 

from the Virginia Cardiac 

Services Quality 

Initiative  (2011-2018) 

*Full paper 

Patients 

undergoing 

bioprosthetic 

valve 

replacement or 

CABG with any 

indication 

requiring 

anticoagulation  

1395 DOAC 4668 warfarin 

(bridging 

unreported) 

Reoperation for 

bleeding 

complications 

Permanent stroke 

VTE 

Mortality  

Post-operative length 

of stay 

30 days 

after 

surgery 

Nauffal 2020 Retrospective analysis 

from the Society of 

Thoracic Surgery 

National Database (2017-

2018) 

*Abstract 

Patients with 

new-onset AF 

following 

cardiac surgery 

11490 DOAC 20037 

warfarin  

(bridging 

unreported) 

Readmission for 

bleeding 

complications 

Stroke/TIA 

Mortality 

30 days 

after 

surgery 

Plassmeier 

2019 

Retrospective analysis 

from patients within the 

Indiana University Heath 

System (2014-2018) 

*Abstract 

Patients with 

AF (onset 

unspecified) 

undergoing 

bioprosthetic 

valve 

replacement 

81 DOAC 102 Warfarin 

(bridging 

unreported) 

Major bleeding 

Stroke or systemic 

embolism 

30 & 90 

days after 

surgery 

 

 



Table 2: Post-operative length of stay 

Study Mean/ median Intervention 

  DOAC VKA 

Anderson 

2015 

Mean 6.6 days (SD not reported) 7.3 days (SD not reported) 

Yu 2019 Median 8 days (IQR 6-9 days) 9 days (IQR 7-13 days) 

RE-LY 2014 Median 9 days (IQR 7-13 days) 8 days (IQR 7-13 days) 

Birring 2014 Mean 2.7 (SD not reported) 3.5 days (SD not reported) 

Patel 2018 Median 8.5 days (rivaroxaban), 9 

days (apixaban), and 12 

days (dabigatran) (IQR 

not reported) 

11 days (IQR not reported) 

Beller 2019 Median  7 days (IQR 5-10 days) 8 days (IQR6-12 days) 

IQR, interquartile range; SD, standard deviation 

 

 

 

Table 3: Ongoing RCTs exploring the optimal OAC therapy for AF post cardiac surgery 

Trial Interventions Sample 

Size 

Primary Outcome Follow Up 

Dyke et al. 

(NCT02889562) 

Apixaban vs 

warfarin 

(open label) 

~ 56 Freedom from 

thromboembolism 

30 days 

Voisine et al. 

(NCT04002011) 

DOAC vs warfarin   

(open label) 

~ 206 Hemorrhage, ischemia, 

death, QoL, and 

satisfaction 

90 days 

Oshno et al. 

(NCT03702582) 

Rivaroxaban vs 

warfarin (open 

label) 

~ 300 Postoperative length of 

stay 

6 months 

DANCE trial DOAC vs warfarin   

(open label) 

~ 400 & 

6000 per 

phase 

Vanguard phase: 

feasibility 

Full trial: Major bleeding 

30 & 90 

days 
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SUPPLEMENTARY FIGURES AND TABLES 

 

Supplementary Figure 1: Forest plot of major bleeding events within 90 days post-surgery  

 

 

Supplementary Figure 2: Forest plot of stroke events within 90 days post-surgery  

 

 

Supplementary Figure 3: Forest plot of death within 90 days post-surgery  
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Supplementary Table 1: MEDLINE (R) 1946 to present search strategy 

 

1     exp atrial fibrillation/ (54642) 

2     (atrial adj3 fibrillat*).ti,ab. (69274) 

3     ((auricular adj3 fibrillat*) or (supraventricul* adj3 arrhythmi*)).ti,ab. (3601) 

4     thoracic surgery.mp. or exp Thoracic Surgery/ (27856) 

5     cardiac surgery.mp. (40941) 

6     preoperative period.mp. or exp Preoperative Period/ (9838) 

7     perioperative care.mp. or exp Perioperative Care/ (151662) 

8     intraoperative care.mp. or exp Intraoperative Care/ (17011) 

9     postoperative care.mp. or exp Postoperative Care/ (63751) 

10     cabg.mp. or exp Coronary Artery Bypass/ (57643) 

11     exp Heart Valve Prosthesis Implantation/ (26625) 

12     exp Cardiac Surgical Procedures/ (216306) 

13     exp Postoperative Complications/ (542533) 

14     blood coagulation factor inhibitors.mp. or exp Blood Coagulation Factor Inhibitors/ 

(17143) 

15     antithrombins.mp. or exp Antithrombins/ (22865) 

16     factor xa inhibitors.mp. or exp Factor Xa Inhibitors/ (7698) 

17     direct thrombin inhibitor.mp. (1556) 

18     exp Anticoagulants/ or oral anticoagulant.mp. (221619) 

19     direct oral anticoagulant.mp. (817) 

20     novel oral anticoagulant.mp. (315) 

21     non vitamin k oral anticoagulant.mp. (60) 

22     (doac* or noac*).tw. (3998) 

23     dabigatran.mp. or exp Dabigatran/ (5377) 

24     pradaxa.mp. (147) 

25     edoxaban.mp. (1500) 

26     Savaysa.mp. (23) 

27     rivaroxaban.mp. or exp Rivaroxaban/ (5722) 

28     xarelto.mp. (142) 

29     apixaban.mp. (3629) 

30     eliquis.mp. (66) 

31     lixiana.mp. (19) 

32     warfarin.mp. or exp Warfarin/ (30161) 

33     coumadin.mp. (1063) 

34     1 or 2 or 3 (82948) 

35     4 or 5 or 6 or 7 or 8 or 9 or 10 or 11 or 12 or 13 (871690) 

36     14 or 15 or 16 or 17 or 18 or 19 or 20 or 21 or 22 or 23 or 24 or 25 or 26 or 27 or 28 or 

29 or 30 or 31 (226554) 

37     32 or 33 (30612) 

38     34 and 35 and 36 and 37 (405) 

39     limit 38 to yr="2009 -Current" (276) 
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Supplementary Table 2: EMBASE 1974 to present search strategy 

 

1     exp atrial fibrillation/ (68773) 

2     (atrial adj3 fibrillat*).ti,ab. (123932) 

3     ((auricular adj3 fibrillat*) or (supraventricul* adj3 arrhythmi*)).ti,ab. (4161) 

4     blood coagulation factor inhibitors.mp. or exp blood clotting inhibitor/ (114689) 

5     antithrombin.mp. or exp antithrombin/ (29763) 

6     factor xa inhibitor.mp. or exp blood clotting factor 10a inhibitor/ (29412) 

7     direct thrombin inhibitor.mp. or exp thrombin inhibitor/ (50841) 

8     oral anticoagulant.mp. or exp anticoagulant agent/ (653242) 

9     (direct oral anticoagulant or novel oral anticoagulant or non vitamin k oral 

anticoagulant).mp. (2174) 

10     (doac* or noac*).tw. (8537) 

11     exp dabigatran etexilate/ or exp dabigatran/ or dabigatran.mp. (16071) 

12     edoxaban.mp. or exp edoxaban/ (4619) 

13     rivaroxaban.mp. or exp rivaroxaban/ (17947) 

14     apixaban.mp. or exp apixaban/ (12301) 

15     pradaxa.mp. (1116) 

16     savaysa.mp. (134) 

17     lixiana.mp. (115) 

18     xarelto.mp. (1164) 

19     eliquis.mp. (617) 

20     warfarin.mp. or exp warfarin/ (95168) 

21     (coumadin or jantoven).mp. (4797) 

22     vitamin k antagonist.mp. or exp antivitamin K/ (16158) 

23     thoracic surgery.mp. or exp thorax surgery/ (592973) 

24     cardiac surgery.mp. or exp heart surgery/ (375126) 

25     Cardiothoracic surgery.mp. (4632) 

26     perioperative period.mp. or exp perioperative period/ (54565) 

27     perioperative care.mp. (5888) 

28     intraoperative care.mp. or exp peroperative care/ (12988) 

29     postoperative care.mp. or exp postoperative care/ (89742) 

30     exp coronary artery bypass surgery/ or cabg.mp. or coronary bypass surgery.mp. (48690) 

31     heart valve surgery.mp. or exp heart valve surgery/ (97646) 

32     exp heart valve replacement/ or heart valve procedure.mp. (53438) 

33     cardiac surgical procedure.mp. or exp heart surgery/ (363496) 

34     1 or 2 or 3 (143638) 

35     4 or 5 or 6 or 7 or 8 or 9 or 10 or 11 or 12 or 13 or 14 or 15 or 16 or 17 or 18 or 19 

(657440) 

36     20 or 21 or 22 (105588) 

37     23 or 24 or 25 or 26 or 27 or 28 or 29 or 30 or 31 or 32 or 33 (739476) 

38     34 and 35 and 36 and 37 (2929) 

39     limit 38 to yr="2009 -Current" (2492) 
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Supplementary Table 3: CENTRAL Inception to Present search strategy 

 

#1 atrial fibrillation 12436 

#2 MeSH descriptor: [Atrial Fibrillation] explode all trees 4496 

#3 cardiac surgery 20354 

#4 MeSH descriptor: [Thoracic Surgery] explode all trees 160 

#5 MeSH descriptor: [Coronary Artery Bypass] explode all trees 5384 

#6 postoperative 114783 

#7 MeSH descriptor: [Perioperative Period] explode all trees 8382 

#8 MeSH descriptor: [Cardiac Valve Annuloplasty] explode all trees 46 

#9 blood coagulation factor inhibitors 547 

#10 [mh "blood coagulation factor inhibitors"] 728 

#11 antithrombin 1879 

#12 [mh "antithrombins"] 851 

#13 factor xa inhibitor 691 

#14 [mh "factor xa inhibitors"] 517 

#15 direct oral anticoagul*875 

#16 novel oral anticoagul* 308 

#17 non-vitamin k antagonist 145 

#18 (doac* or noac*):ti,ab,kw 574 

#19 dabigatran 1029 

#20 pradaxa 61 

#21 edoxaban 554 

#22 savaysa 7 

#23 lixiana 27 

#24 rivaroxaban 1589 

#25 xarelto 79 

#26 apixaban 885 

#27 eliquis 42 

#28 warfarin 4974 

#29 coumadin 213 

#30 vitamin k antagonist 669 

#31 #1 or #2 12436 

#32 #3 or #4 or #5 or #6 or #7 or #8 129655 

#33 #9 or #10 or #11 or #12 or #13 or #14 or #15 or #16 or #17 or #18 or #19 or #20 or #21 

or #22 or #23 or #24 or #25 or #26 or #27 6492 

#34 #28 or #29 or #30        5432 

#35 #31 and #32 and #33 and #34 68 
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Supplementary Table 4: GRADE Summary of Findings. Safety of DOACs versus VKA after recent cardiac surgery 

Patient or population: patients undergoing cardiac surgery requiring anticoagulation 

Intervention: DOAC  

Comparison: VKA  

Follow up: 30 days  

Outcomes 
№ of participants 

(studies)  

Certainty of the 

evidence 

(GRADE) 

Relative 

effect 

(95% CI) 

Anticipated absolute effects 

Risk with VKA 

strategy 

Risk difference 

with DOAC 

strategy 

Major Bleeding 

38199 

(7 Observational 

studies)  

⨁◯◯◯ 

VERY LOWa 

RR 0.75 

(0.59 to 0.94)  
11 per 1,000  

3 fewer per 1,000 

(5 fewer to 1 fewer)  

Strokes 

37953 

(6 Observational 

studies) 

⨁◯◯◯ 

VERY LOWb 

RR 0.76 

(0.55 to 1.05)  
6 per 1,000  

2 fewer per 1,000 

(3 fewer to 0 fewer)  

Mortality 

37671 

(3 Observational 

studies) 

⨁◯◯◯ 

VERY LOWc 

RR 1.20  

(0.98 to 1.47)  
10 per 1,000  

2 more per 1,000 

(0 fewer to 5 more)  

*The risk in the intervention group (and its 95% confidence interval) is based on in the comparison group and the relative effect of 

the intervention (and its 95% CI). CI: Confidence interval; RR: Risk ratio  

GRADE Working Group grades of evidence 

High certainty: We are very confident that the true effect lies close to that of the estimate of the effect 

Moderate certainty: We are moderately confident in the effect estimate: The true effect is likely to be close to the estimate of the 

effect, but there is a possibility that it is substantially different 

Low certainty: Our confidence in the effect estimate is limited: True effect may be substantially different from estimate of the effect 

Very low certainty: We have very little confidence in the effect estimate: The true effect is likely to be substantially different from 

the estimate of effect. 

a Down-graded for risk of bias and indirectness 
b Down-graded for risk of bias, indirectness and imprecision 
c Down-graded for risk of bias and imprecision 
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ABSTRACT  

 

Objective: Anticoagulation prevents embolic complications in patients with AF and direct oral 

anticoagulants (DOACs) are generally the treatment of choice. However, in the cardiac surgical 

population, a small phase II trial suggested a higher risk of complications with DOACs. The 

existing evidence to guide oral anticoagulation (OAC) after cardiac surgery is of very low 

quality. We herein describe the rationale and design of the Direct oral Anticoagulation versus 

warfariN after Cardiac surgEry (DANCE) vanguard trial in patients requiring anticoagulation for 

AF after cardiac surgery. 

 

Methods and Results: DANCE is an open-label, blinded endpoint, multicentre, noninferiority 

randomized controlled trial comparing DOACs and vitamin K antagonists (VKA) in patients 

with pre-existing or new post-operative AF after cardiac surgery. The 400-patient vanguard 

phase aims to assess the feasibility of the definitive DANCE trial protocol.  It will evaluate 

recruitment rate per centre, the proportion of participants that crossover OAC arms, and the 

ability to achieve follow-up at 30 days. The primary outcome of the definitive DANCE trial is 

major bleeding. Other outcomes include thromboembolism, mortality, hospital length of stay, 

and quality of life. We expect to start recruitment fall 2020 in 10 centres.  

 

Conclusion: The DANCE trial will be the largest trial to explore the safety of DOACs versus 

VKAs in patients requiring anticoagulation for AF early after cardiac surgery. Its results will 

lead to better understanding of optimal anticoagulation management early after cardiac surgery.   
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RATIONALE  

About 10% of patients undergoing cardiac surgery have a prior history of atrial 

fibrillation (AF).(1) Additionally, 20-50% of patients will develop AF early after cardiac 

surgery. AF, whether it is pre-existing or new after surgery, carries a significant risk for stroke 

and mortality in the perioperative setting.(2-8) While physicians will respond with rate and 

rhythm interventions to control AF, oral anticoagulation (OAC) therapy remains the preferred 

method for thromboembolic prevention.(9, 10) For over half a century, warfarin, a vitamin k 

antagonist (VKA), has been the primary OAC for treating AF; however, a new class of OAC has 

been approved for use. Direct oral anticoagulants (DOAC) - inhibitors of factor Xa or thrombin – 

have demonstrated similar efficacy and a lower risk of intracranial bleeding when compared to 

VKAs outside the perioperative setting.(11-14) Moreover, DOACs are more convenient for both 

patients and clinicians. They have a rapid onset of effect, fixed dosage that obviates the need for 

regular monitoring, and few interactions with food and other medications.(15) For these reasons, 

guidelines suggest DOACs as the preferred alternative to VKAs for stroke prevention.(9, 10) 

Safety concerns remain with the use of DOACs after cardiac surgery.  Previous large 

trials have excluded patients planned for cardiac surgery, leaving few studies to guide 

anticoagulation practice in this setting. (11-14) The main concerns for DOAC use post cardiac 

surgery stem from the Randomized, Phase II Study to Evaluate the Safety and Pharmacokinetics 

of Oral Dabigatran Etexilate in Patients after Heart Valve Replacement (RE-ALIGN) trial 

published in 2013.(16) RE-ALIGN compared the safety of dabigatran to VKA after mechanical 

valve replacement in patients with low and high thromboembolic risk. In the trial, the risk of any 

bleeding and thromboembolic events was increased with dabigatran, a DOAC, when compared 

to VKA. However, it is important to keep in mind that, in RE-ALIGN, dabigatran doses were 
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adjusted to achieve minimum blood levels of 50 ng/mL. In consequence, many RE-ALIGN 

patients were taking dabigatran doses higher than those recommended for patients with AF. This 

led to contraindication of DOAC in patients undergoing a mechanical heart valve surgery.(9, 10) 

Using the Grading of Recommendations Assessment, Development, and Evaluation (GRADE) 

approach, the evidence from this trial is of very low quality due to severe imprecision and risk of 

bias (the RE-ALIGN trial was stopped early for harm).(17) In contrast, the Cardiovascular 

OutcoMes for People using Anticoagulation StrategieS (COMPASS-CABG) trial, evaluating low 

dose rivaroxaban (2.5 mg BID), a DOAC, found no increase in major bleeding in the first 30 

days post coronary artery bypass grafting (CABG).(18) We further reviewed the literature for 

studies comparing DOACs with VKA in the early period after cardiac surgery and found 8 

observational studies representing 38,393 patients.(Chapter 3) In our meta-analysis, we found 

DOACs were associated with a significant reduction in major bleeding (RR 0.75; 95% CI 0.59-

0.94), but we found no significant difference in stroke (RR 0.76; 95% CI 0.55-1.05), or mortality 

(RR 1.20; 95% CI 0.98-1.47). While this is, to our knowledge, the only meta-analysis comparing 

DOACs to VKAs early after non-mechanical valve cardiac surgery, we recognize the evidence is 

of very low quality due to high risk of bias, indirectness, and imprecision. In a separate analysis, 

we explored the incidence of major bleeding within 30 days post-operatively in the ongoing Left 

Atrial Appendage Occlusion (LAAOS) III trial.(1) LAAOS III evaluated the efficacy of 

concomitant left atrial appendage occlusion in patients with AF undergoing cardiac surgery. 

After adjustment for CHADS2 score, the incidence of major bleeding between 48 hours and 30 

days did not differ significantly when DOACs were compared with VKA (adjusted odds ratio 

[aOR] 1.05, 95% confidence interval [CI] 0.55-2.03, p=0.88, Richard Whitlock, unpublished 

data, 2019). The risk of stroke and systemic embolism between 48 hours and 30 days was also 
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similar: aOR 1.03, 95% CI 0.50-2.10, p=0.94). This large prospective observational cohort 

represents the highest quality evidence in this area but has several limitations due to the 

observational design. 

Despite limited data informing the safety of this practice, resumption or initiation of 

DOAC therapy after cardiac surgery is becoming more frequent.(19, 20) From clinicians’ and 

patients’ perspectives, DOACs are a more practical option and are as effective as VKAs. 

However, the safety of this approach remains unclear, especially in light of the concern about an 

increased risk of major bleeding in the only randomized controlled trial performed in a similar 

population. Available observational studies do not provide the certainty of evidence required to 

definitively answer this important question. Accordingly, an expert panel from the American 

College of Cardiology has called for further study of this practice.(19) 

We describe The Direct Oral Anticoagulation versus Warfarin after Cardiac Surgery 

(DANCE) vanguard randomized controlled trial to evaluate the feasibility of a large, multicenter 

randomized controlled trial comparing the safety of DOAC versus VKA therapy in patients with 

AF requiring anticoagulation after cardiac surgery. We also briefly outline the full trial; we may 

modify details of the full trial based on experience gained in the vanguard phase. 

 

DESIGN 

Specific Objectives 

Vanguard Phase 

To assess the feasibility of conducting a large randomized controlled trial evaluating the 

safety of DOACs versus VKAs after cardiac surgery in patients with AF requiring 

anticoagulation. 
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Full Trial 

To evaluate the safety of DOACs versus VKAs after cardiac surgery in patients with AF 

requiring anticoagulation. 

Study Design  

Vanguard Phase 

The DANCE Vanguard phase (NCT04284839) will be a 2-year, 400-patient, multicentre, 

randomized controlled vanguard trial evaluating whether the DANCE protocol is feasible to 

proceed to a full, international, multicentre RCT.  

Full Trial 

The DANCE trial will be a randomized, prospective, open-label, blinded end-point 

(PROBE), multicentre, non-inferiority clinical trial.(21) After cardiac surgery, patients who have 

AF and require anticoagulation will receive either a DOAC or VKA for 90 days.  For patients 

allocated to the DOAC arm, the choice of DOAC will be at the discretion of the ordering 

physician. For patients allocated to the VKA arm, international normalised ratio (INR) 

monitoring and VKA dosing will be as per local practice. The sample size is expected to be 

approximately 6100 patients for the full trial. 

Participant selection, recruitment and consent  

We will enroll participants who meet the eligibility criteria outlined in Table 1. For the 

vanguard phase, participants will be recruited from approximately 10 sites; while, the full trial 

will recruit from approximately 30 sites across the world. Adults who have had open heart 

surgery in the last seven days and have AF (pre-existing AF or post-operative AF) requiring 

anticoagulation will be approached for the DANCE trial prior to hospital discharge. Patients 

eligible for participation will be identified and approached for consent prior to (or at the time of) 
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resuming or initiating OAC after the surgery. The clinical team will briefly introduce the trial, 

and, if the patient expresses interest, trained research personnel will provide a full explanation. 

The research personnel will then obtain informed consent. 

Randomization and Allocation  

Randomization will occur once the patient is deemed eligible and informed consent is 

obtained. Research personnel will randomize participants using a central Interactive Web 

Randomization System (IWRS), in randomly permuted blocks of various sizes. Randomization 

sequence and block sizes will be concealed. Participants will be randomly allocated in a 1:1 ratio 

to DOAC or to VKA. Randomization will be stratified by centre to account for potential 

differences in the patient population and co-interventions, and by whether they had an indication 

for OAC prior to surgery (e.g., history of AF) or have a new indication after surgery (e.g. post-

operative AF). 

After randomization, treatment allocation will not be concealed to the patient, medical 

team, data collectors, or investigators. Since INR has to be closely monitored, an open-label 

design is necessary to ensure feasibility with regard to cost and workload. Because blinding is 

impractical and expensive, DANCE will be conducted using a PROBE design with clear and 

objective outcome definitions.(21) A blinded panel of clinicians will adjudicate bleeding and 

thromboembolic outcomes. 

Intervention  

Patients in the DOAC group will receive a DOAC at recommended doses adjusting when 

necessary for their renal function, age and weight (Table 2). The choice of DOAC will be at the 

discretion of the treating physician. Treatment in the DOAC group will start on postoperative 

day 5 (if the patient is stable from a bleeding perspective) or at discharge, whichever occurs first. 
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Patients in the VKA group will receive a VKA once daily; the individual dose will be titrated to 

achieve a guideline-recommended INR range. VKA dosage and INR monitoring frequency will 

be as per local practice in the participating centre. Given the delay before achieving a therapeutic 

INR, the first dose of VKA can be resumed or initiated as soon as post-operative day 1. 

 

Co-interventions 

Antiplatelet therapy may be used at the discretion of the investigator and is expected to 

be common. The local centre will direct recommendations on diet and lifestyle related to VKA 

therapy. 

 

Outcomes 

Vanguard Phase 

The vanguard phase will evaluate key parameters for the feasibility of the full trial 

including: i) the ability to recruit an average enrolment rate of 5 patients per centre per month, ii) 

the proportion of participants that crossover OAC arms is < 5%, iii) the ability to achieve follow-

up at 30 days in ≥ 95% of enrolled patients. The outcomes of the full trial will also be collected. 

Full Trial 

The primary outcome for the full trial is major bleeding at 30 days defined as bleeding 

that results in death and/or symptomatic bleeding in a critical area or organ and/or bleeding that 

causes a drop in the hemoglobin level of 20 g/L or more or that which requires the transfusion of 

≥2 units of packed red blood cells (as defined by the International Society of Thrombosis and 

Hemostasis).(22)  
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Secondary outcomes include pleural effusion requiring drainage, pericardial effusion 

requiring drainage, systemic thromboembolism, ischemic stroke, deep vein thrombosis, 

pulmonary embolism, and length of postoperative hospital stay (Supplementary Table 2). 

Tertiary outcomes will include minor bleeding, all bleeding (major plus minor), 

myocardial infarction, mortality, valve thrombosis, hemorrhagic stroke, all stroke, all arterial 

thrombosis/thromboembolism (e.g. ischemic stroke, systemic thromboembolism, myocardial 

infarction, valve thrombosis), quality of life measured by the EQ-5D-5L questionnaire, patient 

satisfaction measured by the PACT-Q2 questionnaire, and aggregate costs for both groups. 

Patient Follow Up  

 At baseline (post-surgery and prior to randomization), research personnel will record 

patient demographics and medical history (e.g., age, sex, co-morbidities, thromboembolic risk 

factors, medications, most recent hemoglobin, most recent creatinine, presence of coronary 

disease or coronary bypasses) and administer the EQ-5D-5L and PACT-Q2 questionnaires.  

 Recruited patients will be followed up until 90-days post-randomization. We will collect 

all INR values measured during the study for patients in the VKA group. Follow-up evaluation 

for study outcomes can be performed in person, at hospital discharge, and during a clinic visit or 

by telephone at 30-days and 90-days post-randomization. The EQ-5D-5L and PACT-Q2 

questionnaires will be administered at the 30-day and 90-day visits.  

Study Organization 

The Population Health Research Institute (PHRI) is the central coordinating centre for 

this trial and is responsible for the development of the protocol, development of the 

randomization scheme, trial database, data consistency checks, data analyses, coordination of the 

trial centres, and conducting the trial. The study team consists of a steering committee, 
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adjudication committee, and data safety and monitoring board (DSMB).  

Statistical Analysis 

Vanguard Phase 

The feasibility objectives of the vanguard trial will be analyzed using descriptive 

statistics and 95% confidence intervals. We will enroll approximately 400 patients in the 

vanguard phase to generate precise feasibility estimates.  

Full Trial 

We will use a time-to-event analysis and present Kaplan-Meier survival curves with 

comparison between groups using a log rank test. We will present treatment effect estimated 

using a hazard ratio and 95% confidence interval derived by the Cox proportional hazards model. 

We will assess for differences between subgroups and interaction between subgroup factors and 

treatment effect using additional adjusted Cox models. Although time-to-event analysis may not 

be required given the short follow-up, it will allow us to evaluate the timing of the bleeding 

events after cardiac surgery. The primary analysis will be a per protocol analysis, with a 

secondary analysis following the intention to treat principle. This is because intention to treat 

analyses generally result in a smaller treatment effect which favours non-inferiority. If non-

inferiority is established, we will perform an analysis for superiority. 

We will evaluate secondary outcomes using the same approach as the primary outcome. 

Secondary outcome analyses will be adjusted for stratifying variables. We will conduct a 

sensitivity analysis to assess the effect of missing data using plausible worst-case scenario 

analysis as it is unlikely that patients will be lost to follow-up at random. In our cost-

effectiveness analysis, we will use the perspective of the Canadian public healthcare system 

payer/Ministry of Health and Long-term Care. Our methods will follow the Canadian Agency for 
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Drugs and Technologies in Health (CADTH) guideline for economic evaluation in Canada as 

well as guidelines for economic evaluation alongside clinical trials (23, 24).  

A blinded statistician, who will not be involved in the trial, will independently perform 

all statistical analyses. Baseline patient characteristics will be reported using counts and 

proportions, means and standard deviations (SDs), or medians with interquartile ranges (IQRs) as 

appropriate, based on variable distribution. For all non-primary analyses, we will consider a two-

sided alpha < 0.05 significant. 

Sample Size Calculation 

Based on current estimates from the LAAOS III trial (1), we expect the incidence of 

major bleeding to be 1.3% at 30 days with VKAs and 1.4% with DOACs.The power calculation 

for the binary (non-inferior) outcome used the formula, [n = f(α/2, β) × [p1 × (100 − p1) + p2 × 

(100 − p2)] / (p1 – p2 – d)2 ] which was computed using online statistical software. Based on the 

current estimates (major bleeding incidence of 1.3% at 30 days with VKA and 1.4% with 

DOACs), a total sample size of 6100 patients would provide 85% power to ensure that a one-

sided 97.5% confidence interval (alpha=0.025) will exclude an absolute difference in favour of 

the VKA arm of more than 1% (non-inferiority margin).(25) 

Subgroup Analyses 

 We plan 6 main pre-specified subgroup analyses based on 1) OAC therapy resumption 

vs. initiation, 2) CABG vs. other procedure, 3) sex, 4) age, 5) renal function category, and 6) 

antiplatelet use. We will use stratified Cox proportional hazard regression models to assess for 

differences between subgroups and interactions between subgroup factors and the treatment 

effect.  
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DISCUSSION 

 

 The results of the DANCE vanguard trial will inform the feasibility and design of a large 

definitive trial. The results of the definitive DANCE trial will inform on the optimal OAC 

treatment for patients in the early postoperative period after cardiac surgery, impacting 

guidelines. 

 To assess safety concerns, major bleeding is the primary outcome of the DANCE trial.  

Bleeding is associated with poor prognosis.(26) The belief that stroke and myocardial infarction 

cause damage but patients recover from major bleeding without consequences is not supported 

by available evidence. For example, the ORBIT-AF II study showed that bleeding in patients on 

VKA was associated with a 17% incidence of mortality, 47% incidence of hospitalization, and a 

7% incidence of recurrent major bleeding.(27) For patients on anticoagulation, a secondary 

analysis of the ACTIVE-Warfarin and RELY trials suggested that the risk of death was increased 

7-fold after a myocardial infarction and 8-fold after an ischemic stroke, but 27-fold after a 

hemorrhagic stroke, and 5-fold after an extracranial bleeding event.(28) In addition, trials such as 

OASIS 5, HORIZONS-AMI, and ENGAGE-AF have demonstrated that reducing major bleeding 

reduces mortality.(14, 29, 30) Because it is already known that DOACs are either superior or 

noninferior to VKAs for thromboembolic protection, thromboembolism should not be the 

primary outcome of the definitive DANCE trial.(11-14) 

Impact   

Approximately 400,000 American and 36,000 Canadian adults undergo cardiac surgery 

annually (31, 32). Of these, over 10% have a history of AF and 20-50% will develop post-

operative AF.(1-8) Establishing whether DOACs are non-inferior to warfarin for bleeding in the 
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early period after cardiac surgery will impact the clinical management of hundreds of thousands 

of patients in North America every year. 

 

CONCLUSION 

The existing evidence to guide OAC after cardiac surgery is of very low quality. Thus, a 

large, randomized controlled trial is required to definitively determine whether DOACs are safe 

in patients early after cardiac surgery. The Direct oral Anticoagulation versus warfariN after 

Cardiac surgEry (DANCE) vanguard randomized controlled trial will evaluate the feasibility of a 

large, multicenter randomized controlled trial comparing the safety of DOAC versus VKA 

therapy in patients with an indication for anticoagulation after cardiac surgery. 
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TABLES  

 

Table 1: Inclusion and exclusion criteria for study participation 

Inclusion Criteria 

• Age ≥18 years at the time of enrolment, 

• Open heart surgery in the last 7 days, 

• AF requiring anticoagulation (including pre-existing AF or Post-operative AF), 

• Written informed consent from either the patient or a substitute decision-maker. 

 

Exclusion Criteria  

• Undergoing a mechanical valve replacement,  

• Antiphospholipid syndrome (triple positive), 

• Severe renal failure (Cockcroft Gault equation; creatinine clearance <30 ml/min), 

• Known significant liver disease (Child-Pugh classification B and C),  

• Ongoing bleeding, hemorrhagic disorders, or bleeding diathesis, 

• Known contraindication for any DOAC or VKA, 

• Women who are pregnant, breastfeeding, or of childbearing potential, 

• Previously enrolled in this trial, 

• Follow-up not possible. 

 

 

Table 2: Recommended dosing schedule for patients taking DOAC 

DOAC Recommended dose 

Apixaban 5 mg twice daily 

Dose reduction to 2.5mg twice daily if two or more of the 

following criteria are present: creatinine ≥133µmol/L, weight 

≤60kg, age ≥80 years 

Dabigatran 150 mg twice daily  

Dose reduction to 110 mg twice daily if concerns about the risk 

of bleeding 

Edoxaban Edoxaban 60 mg daily 

Dose reduction to 30mg daily if one of the following criteria 

are present: creatinine clearance 30-50 ml/min, weight ≤60kg, 

or concomitant treatment with a potent P-glycoprotein inhibitor 

(e.g. cyclosporin, dronedaron, erythromycin, ketoconazol, or 

quinidine); 

Rivaroxaban 20 mg daily 

Dose reduction to 15 mg daily if creatinine clearance 30-50 

ml/min 
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SUPPLEMENTARY INFORMATION 

 

 

Supplementary Table 1: Full Trial Outcome Definitions  

Major bleeding (ISTH definition): 

1. Death and/or, 

2. Symptomatic bleeding in critical area or organ (e.g., intracranial, intraspinal, 

intraocular, retroperitoneal, intraarticular, pericardial, or intramuscular with 

compartment syndrome) and/or, 

3. Bleeding that causes drop of hemoglobin level by ≥ 2g/dL, or that requires the 

transfusion of ≥ 2 units of packed red blood cells or whole blood 

Minor bleeding: (ISTH definition): 

1. Clinically relevant bleeding that does not meet major bleeding criteria and lead to at 

least one of the following: 

a. Hospital admission 

b. Require medical or surgical management 

c. Require interruption or discontinuation of study drug 

Myocardial infarction  

The term myocardial injury should be used when there is evidence of elevated cardiac 

troponin values (cTn) with at least one value above the 99th percentile upper reference 

limit (URL). The myocardial injury is considered acute if there is a rise and/or fall of cTn 

values.  

 

Criteria for acute myocardial infarction (types 1, 2 and 3 MI). 

The term acute myocardial infarction should be used when there is acute myocardial 

injury with clinical evidence of acute myocardial ischaemia and with detection of a rise 

and/or fall of cTn values with at least one value above the 99th percentile URL and at 

least one of the following: 

1. Symptoms of  myocardial ischaemia; 

2. New ischaemic ECG changes; 

3. Development of pathological Q waves; 

4. Imaging evidence of new loss of viable myocardium or new regional wall motion 

abnormality in a pattern consistent with an ischaemic aetiology; 

5. Identification of a coronary thrombus by angiography or autopsy (not for type 2 or 3 

MIs). 

Post-mortem demonstration of acute athero-thrombosis in the artery supplying the 

infarcted myocardium meets criteria for type 1 MI. Evidence of an imbalance between 

myocardial oxygen supply and demand unrelated to acute athero-thrombosis meets criteria 

for type 2 MI. Cardiac death in patients with symptoms suggestive of myocardial 

ischaemia and presumed new ischaemic ECG changes before cTn values become 

available or abnormal meets criteria for type 3 MI. 

Systemic thromboembolism:  

Systemic thromboembolism is defined as abrupt vascular insufficiency associated with 

evidence of arterial occlusion in the absence of other likely mechanisms. Clinical signs 
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and symptoms must be consistent with embolic arterial occlusion, there must be clear 

evidence of abrupt occlusion of a systemic artery, with at least one type of supporting 

evidence, such as surgical report indicating evidence of arterial embolism, pathological 

specimens related to embolism removal, imaging evidence consistent with arterial 

embolism, or autopsy report. 

NOTE: Excluded from the definition are pulmonary embolism and non-embolic arterial 

occlusions.  
Valve thrombosis (VARC definition): 

Any thrombus related to the mechanical valve that affect the function of the valve or 

partly occludes blood flow or require medical or surgical intervention. 

Pulmonary embolism: 

Criteria for the objective diagnosis of pulmonary embolism include:  

i) A high probability ventilation/perfusion lung scan  

ii) An intraluminal filling defect of segmental or larger artery on helical CT scan 

 iii) An intraluminal filling defect on pulmonary angiography  

iv) A positive diagnostic test for DVT (e.g., positive compression ultrasound) and one of 

the following: • non-diagnostic (i.e., low or intermediate probability) ventilation/perfusion 

lung scan • non-diagnostic (i.e., subsegmental defects or technically inadequate study) 

helical CT scan  

v) evidence of pulmonary embolism in a segmental or larger artery on autopsy 

Deep Vein Thrombosis:  

Criteria for the objective confirmation of deep vein thrombosis include:  

i) A persistent filling defect on contrast venography in the deep venous system 

ii) Non-compressibility of one or more venous segments in the deep venous system on 

compression ultrasonography and/or thrombus visualized with Doppler.  

iii) A clearly defined intraluminal filling defect on contrast enhanced computed 

tomography (CT) or magnetic resonance imaging (MRI) in the deep venous system 

Stroke 

Stroke is defined as a new focal neurological deficit thought to be vascular in origin with 

signs or symptoms lasting more than 24 hours or leading to death. Stroke will be sub-

classified into hemorrhagic and non-hemorrhagic stroke.  Non-hemorrhagic stroke will 

sub-classified into ischemic, ischemic with secondary transformation, or stroke of 

uncertain classification. Hemorrhagic stroke will be sub-classified into primary 

intracerebral hemorrhage and primary subarachnoid hemorrhage. 

1. Ischemic stroke: focal brain infarction caused by an arterial (or rarely venous) 

obstruction and as documented by CT/MRI that is normal or shows an infarct in the 

clinically expected area. 

 

2. Secondary hemorrhagic transformation of ischemic stroke: hemorrhagic 

transformation of ischemic stroke may be symptomatic or asymptomatic.  

A. Symptomatic transformation of ischemic stroke is defined as a hematoma 

occupying 30% or more of the infarcted tissue associated with a significant 

neurologic deterioration (consistent with a decrease of 4 points in the NIHSS) 

compared to immediately before the worsening and an absence of an alternative 

explanation for deterioration.   
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Supplementary Table 2: Summary of Guidelines for the Management of Post-Operative 

Atrial Fibrillation after Cardiac Surgery 

B. Asymptomatic transformation of ischemic stroke is defined as a hemorrhagic 

transformation not meeting the criteria for symptomatic transformation. 

 

3. Undetermined stroke: definite stroke that does not meet the criteria for ischemic or 

hemorrhagic stroke because CT scan or MRI are not done and there are no autopsy 

data. Rarely it cannot be determined with confidence whether the stroke was ischemic 

vs. hemorrhagic, even after review of CT/MRI images (e.g., primary intracerebral 

hemorrhage vs. severe hemorrhagic transformation); these stroke events will be 

classified as undetermined. 

 

4. Hemorrhagic stroke: hemorrhagic stroke requires neuroimaging or autopsy 

confirmation and includes two subcategories: primary intracerebral hemorrhage 

(intraparenchymal or intraventricular) and primary subarachnoid hemorrhage. 

Intracranial bleeding caused by head trauma, bleeding associated with tumors, 

hemorrhagic transformation of ischemic stroke and subdural/epidural hematomas 

are not considered as hemorrhagic strokes (but these will be counted separately as 

major hemorrhages). Microbleeds are not considered intracranial hemorrhage. 

A. Primary intracerebral hemorrhage: These are symptomatic hemorrhagic strokes 

with CT/MRI or autopsy evidence of bleeding into the substance of the brain or 

ventricular spaces. Large or superficial intracerebral hemorrhages often are 

associated with minor amounts of subarachnoid hemorrhage, but these should 

be classified as intracerebral hemorrhages. Does not include secondary 

hemorrhage into cerebral infarct (i.e. hemorrhagic transformation which is 

defined separately), or intracerebral bleeding (i.e. contusions) due to trauma, or 

microbleeds detected by MRI. 

Primary subarachnoid hemorrhage: Typical clinical syndrome of sudden onset headache, 

with or without focal signs (subarachnoid hemorrhage may not have focal deficits), and 

CT or cerebrospinal fluid evidence of bleeding primarily into the subarachnoid space. 

Subarachnoid bleeding due to ruptured intracranial aneurysms and vascular 

malformation are counted as hemorrhagic strokes, but traumatic subarachnoid 

hemorrhage is not. 

Pleural effusion requiring drainage 

Pleural effusion requiring drainage with either: needle, selginder-technique percutaneous 

chest tube, surgical chest tube 

Pericardial effusion requiring drainage 

Pericardial effusion requiring drainage with either: needle, seldinger-technique 

percutaneous pericardial drain, pericardial window 
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Scientific Association Recommendations 

American Heart Association/ American 

College of Cardiology/ Heart Rhythm Society 

(2014) (3) 

It is reasonable to administer antithrombotic 

medication in patients who develop 

postoperative AF, as advised for nonsurgical 

patients (Class of recommendation: 2a, Level 

of Evidence: B) 

Society of Thoracic Surgeons (2011) (6) Class IIa recommendation: For patients with 

two or more risk factors for stroke (age >75 

years, hypertension, impaired left ventricular 

function, prior stroke or transient ischemic 

attack) who have postoperative AF that recurs 

or persists for more than 48 hours, 

anticoagulation therapy is reasonable if not 

otherwise contraindicated. (Level of evidence 

A) 

Class IIa recommendation: For patients with 

fewer than two risk factors for stroke and 

patients considered not suitable for warfarin 

who have postoperative AF that recurs or 

persists for more than 48 hours, aspirin, 325 

mg daily, is reasonable if not otherwise 

contraindicated. (Level of evidence A) 

Class IIa recommendation: A target 

international normalized ratio (INR) of 2.0 to 

2.5 is reasonable when using warfarin for AF 

in postoperative general thoracic surgical 

patients. (Level of evidence B) 

Class IIa recommendation: It is reasonable to 

continue anticoagulation therapy for 4 weeks 

after the return of 

Canadian Cardiovascular Society (2010 & 

2016) (1) (2) 

 

 

We suggest that consideration be given to 

anticoagulation therapy if postoperative 

continuous AF persists for >72 hours. This 

consideration will include individualized 

assessment of the risks of a thromboembolic 

event and the risk of postoperative bleeding 

(Conditional Recommendation, Low Quality 

Evidence).(1) 

We recommend that, when anticoagulation 

therapy, rate-control therapy, and/or rhythm 

control has been prescribed for postoperative 

AF, formal reconsideration of the ongoing 

need for such therapy should be undertaken 6-

12 weeks later (Strong Recommendation, 

Moderate Quality Evidence). (2) 
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European Association for Cardio-Thoracic 

Surgery (2017)(4) 

Anticoagulation should be considered within 

12-48 hours of AF in patients with POAF, 

balancing the risks for stroke and surgical 

bleeding (Class of recommendation: 2a, Level 

of evidence: B). (4) 

In patients with POAF at discharge, it is 

recommended to initiate OAC therapy and 

continue for at least 4 weeks (or longer), 

depending on the CHAsDSs-VASc risk score. 

(4) 

Note: Most of the evidence for 

anticoagulation of POAF has been obtained 

with VKAs. There is evidence supporting a 

greater benefit of NOACs over VKA in non-

valvular POAF, including patients with a 

bioprosthetic valve (4). 

European Society of Cardiology (2016) (5) Long-term anticoagulation should be 

considered in patients with AF after cardiac 

surgery at risk for stroke, considering 

individual stroke and bleeding risk (Class of 

recommendation: 2a, Level of evidence: B) 

(5). 
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 This thesis explored the management of oral anticoagulation (OAC) for stroke prevention 

in patients with atrial fibrillation (AF) in two clinical settings: a) the emergency department 

(ED), and b) after cardiac surgery.  

 

OAC in the Emergency Department 

In the ED, physicians are in a unique position to initiate OAC; however, prescription 

remains low. Using the global RE-LY AF registry, I retrospectively evaluated the clinical factors 

associated with new OAC prescription in the ED and with long term OAC use. Factors 

associated with initiating OAC in the ED included: specialist consultation for AF management, 

persistence of AF at ED discharge, rheumatic heart disease, diabetes mellitus, and admission to 

the hospital. As hypothesized, patients discharged from ED on OAC were nearly three times 

more likely to be using OAC a year later and had significantly lower rates of death and stroke. 

These findings support a growing momentum for early OAC in the ED to improve long-term 

stroke prevention.(1, 2)  

While the findings were robust, there were some limitations. In particular, the RE-LY AF 

registry enrolled patients in an era where the only available OAC agents were vitamin K 

antagonists. With the uptake and convenience of DOACs, initiating OAC in the ED may become 

more frequent. Beyond this analysis, it might have been informative to perform a subgroup 

analysis of patients who were discharged from the ED, as this patient population likely has a 

different risk profile compared to patients who required hospital admission. Additionally, a 

subgroup analysis focused on patients who were diagnosed with AF but presented with another 

chief complaint in the ED (e.g. AF as a secondary diagnosis to pneumonia) may provide 

information on an understudied patient population. I suspect clinical patterns may differ in this 
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patient population due to the belief that AF occurring in the setting of an acute illness may 

convert once the illness resolves.(3)  

 

OAC after cardiac surgery 

AF is the most common complication after cardiac surgery. These patients are often 

prescribed OAC. In the post-operative setting, OAC prescription should aim to reduce the 

thromboembolic risk, but also to minimize the risk of major bleeding, which is higher in this 

population. Although uncertainty remains as to which patients with post-operative AF benefit 

from OAC, the focus in the third and fourth chapters of my thesis is on the choice of OAC agent. 

I performed a systematic review and meta-analysis that compared DOACs to VKAs in patients 

requiring OAC early after cardiac surgery. From eight observational studies of patients with AF, 

pre-existing or new-onset, after cardiac surgery (excluding mechanical valve replacement/repair) 

I found an association between DOACs and a reduction in major bleeding in the 30-days after 

surgery when compared to VKAs. However, the risks of stroke and mortality were similar. 

Given the observational nature of the data and the absence of well-adjusted analyses, I have very 

low confidence in these results. Accordingly, an expert panel from the American College of 

Cardiology has called for further study of DOACs in the post cardiac surgery period this 

practice.(4) Thus, I propose the Direct oral Anticoagulants versus warfariN after Cardiac surgEry 

(DANCE), a multicenter, open label, vanguard trial with blinded adjudication of outcomes to 

minimize risk of bias. The trial will have a noninferiority design and its primary outcome will be 

major bleeding as DOACs’ efficacy at preventing thromboembolic outcomes in patients with AF 

is well established. If the multicentre vanguard phase demonstrates feasibility without major 

changes to the protocol, we will roll the vanguard participants in the full definitive trial. 
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To finalize the design of this trial, some areas require further information. For instance, 

the choice of the margin of noninferiority needs to be evaluated. This will involve collaborating 

with clinical experts and surgical patients to understand their perspective on an acceptable non-

inferiority margin. Successfully implementing this trial will require a collaborative effort from 

medical and surgical healthcare providers, statisticians and researchers. I will remain deeply 

involved in the management and coordination of DANCE as a project officer.  

 

Final Remarks 

 The Health Research Methodology program’s experiential learning approach has 

provided me with the fundamental knowledge to design, analyze and appraise a variety of 

research studies. The ongoing support of my mentors and colleagues at McMaster University and 

the Population Health Research Institute have been paramount in my development as a young 

clinical researcher. I will continue to cultivate these research skills as I build my career as a 

clinician-scientist. 
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