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ABSTRACT
Aims: To describe the risks of thromboembolism and major bleeding complications in anticoagulated patients with atrial fibrillation (AF) and native aortic or mitral valvular heart disease using data reflecting clinical practice.

Methods and results: Descriptive cohort study of anticoagulated patients with incident AF and native aortic or mitral valvular heart disease, identified in nationwide Danish registries from 2000-2018. A total of 10,043 patients were included, of which 5,190 (51.7%) patients had aortic stenosis, 1,788 (17.8%) patients had aortic regurgitation, 327 (3.3%) patients had mitral stenosis, and 2,738 (27.3%) patients had mitral regurgitation. At 1 year after AF diagnosis, the risk of thromboembolism was 4.6% in patients with mitral stenosis taking a VKA, and 2.6% in patients with aortic stenosis taking a VKA or NOAC. For patients with aortic or mitral regurgitation, the risks of thromboembolism ranged between 1.5-1.8% in both treatment groups. For the endpoint of major bleeding, the risk was approximately 5.5% in patients with aortic stenosis or mitral stenosis treated with a VKA, and 3.3-4.0% in patients with aortic or mitral regurgitation. For patients treated with a NOAC, the risk of major bleeding was 3.7% in patients with aortic stenosis and approximately 2.5% in patients with aortic or mitral regurgitation.

Conclusion: When using data that reflects clinical practice, our observations suggest that one year after a diagnosis of AF, anticoagulated patients with aortic or mitral valvular heart disease had dissimilar risk of thromboembolism and major bleeding complications. Specifically, patients with aortic stenosis or mitral stenosis were high-risk subgroups. This observation may guide clinicians regarding intensity of clinical follow-up.
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INTRODUCTION
The combination of atrial fibrillation and valvular heart disease (VHD) is common, and many of these patients have native VHD.(1–3) Both atrial fibrillation and VHD has been associated with an increased risk of thromboembolism and bleeding events.(4–7) Anticoagulation for prevention of thromboembolism in patients with atrial fibrillation has been an area of much research.(8–11) However, randomized controlled trials evaluating oral anticoagulation (vitamin K antagonist (VKA) vs. non-vitamin K antagonist oral anticoagulant (NOAC)) for prevention of thromboembolism in patients with atrial fibrillation have excluded patients with significant VHD.(8–11) Patients with moderate/severe mitral stenosis were excluded in all trials and patients with any other native VHD such as aortic stenosis, aortic regurgitation, or mitral regurgitation were minimally represented.(8–11) Only few post hoc sub-analyses of the existing randomized controlled trials have examined patients with atrial fibrillation and native VHD, and only one included valve specific analyses.(7,12) Consequently, the risks of thromboembolism and bleeding complications in the anticoagulated patients with atrial fibrillation and native VHD are sparsely described, both in patients treated with a VKA and in patients treated with a NOAC. 
Assessing the risks of thromboembolism and bleeding complications in anticoagulated patients with atrial fibrillation and different subtypes of native VHD may guide clinicians regarding intensity of clinical follow-up and recognition of high-risk subgroups. Therefore, in a large nationwide cohort study based on data reflecting clinical practice, we aimed to describe the risks of thromboembolism and major bleeding complications in anticoagulated patients with incident atrial fibrillation and native aortic or mitral VHD.


METHODS
Study design and data sources
This study was a register-based nationwide cohort study using data from three Danish nationwide registries: i) The Danish Civil Registration System, which holds information on sex, date of birth, vital and emigration status of all persons living in Denmark(13); ii) the National Prescription Registry(14), which contains data on all prescriptions dispensed from Danish pharmacies since 1994, coded according to the Anatomical Therapeutic Chemical (ATC) Classification System; iii) the Danish National Patient Registry(15), which has registered dates of hospital admissions and discharges, outpatient and emergency room contacts, and discharge diagnoses classified according to the 10th revision of the International Classification of Diseases (ICD) for more than 99% of hospital admissions in Denmark since 1994. The Danish National Patient Registry also holds information about surgical procedures and clinical investigations coded according to the Danish version of the Nordic NOMESCO Classification of Surgical Procedure provided by the Danish Health Data Agency. Data were linked via a unique personal identification number used across all Danish national registries. 

Study population
The study population consisted of all Danish citizens (age ≥18) with an incident diagnosis of atrial fibrillation between January 2000 and July 2018. To focus on patients with native VHD, only patients with a diagnosis of aortic stenosis/regurgitation or mitral stenosis/regurgitation who had not undergone any transcatheter or surgical valve intervention before the diagnosis of atrial fibrillation were included (see eTable 1 in Supplementary for details about the definition of native VHD). Patients with multiple valve diseases may be regarded as a heterogeneous group of patients with a number of combinations of stenosis and regurgitation in the heart valves, and therefore often requires individual clinical assessment and treatment strategies. Since we did not have information on VHD severity, we were not able to accurately categorize these patients in relation to their most important VHD, and we thus excluded these patients. Additionally, only those patients using anticoagulant therapy within 180 days before or 30 days after the diagnosis date of atrial fibrillation were included. A NOAC is not recommended in patients with moderate/severe mitral stenosis and, therefore, we excluded all patients with mitral stenosis who were treated with a NOAC, since we could not estimate the severity of the VHD or obtain information about the clinical rationale for this potentially inappropriate use of NOACs.
Hospital diagnosis date of incident atrial fibrillation was the index date (baseline date) for this study, and patients were followed in the National Patient Registry for the outcomes of interest. Additional comorbidities at baseline were identified using the Danish National Patient Registry and the Danish National Prescription Registry. Ascertainment of baseline medication status was based on medication purchase within 180 days before or 30 days after the diagnosis date of atrial fibrillation. ICD-codes and ATC-codes used to define comorbidities and medical therapies are provided in Supplementary [see eTable 2 in Supplementary].

Outcomes
The primary outcomes were thromboembolism (defined as ischaemic stroke or systemic embolism) and major bleeding (defined as intracranial bleeding, gastrointestinal bleeding, or clinically relevant bleeding located elsewhere; detailed information about the definition of the outcomes is available in eTable 2 in Supplementary). To have information about the location of the major bleeding, we separately examined the endpoint of intracranial bleeding, gastrointestinal bleeding, and clinically relevant bleeding located elsewhere. All-cause death was also included as an endpoint, because of the fact that in administrative registries some deaths may be due to undiagnosed stroke. Given the severity of the diagnosis of thromboembolism, we only considered events if the patient was admitted to the hospital. Similarly, we were only interested in major bleedings leading to a hospital admission; hence, we did not consider outpatient diagnoses for this outcome. Additionally, we only considered primary diagnoses of thromboembolism, but both primary and secondary diagnoses of major bleeding due to clinical coding practice. Emergency room codes were not included due to a general low positive predictive value(16).

Statistical analyses
Baseline characteristics were described separately for each native VHD subtype using means/medians and standard deviation/interquartile range (IQR) for continuous variables, and proportions for categorical variables. 
Time-to-event analysis was applied to describe the association between each native VHD and risk of the endpoints. Time at risk was measured from baseline date (date of atrial fibrillation diagnosis) and until an event of thromboembolism/major bleeding, date of death, emigration, or end of study (December 31, 2018), whichever came first. 
Separately for each native VHD, cumulative incidence curves for thromboembolism and major bleeding were constructed based on the Aalen-Johansen estimator(17) for competing risk data assuming death as a competing risk. Additionally, crude cumulative incidence curves for the endpoint of all-cause death were constructed. To estimate the absolute risk of all endpoints for each native VHD at 1 year after AF diagnosis, the pseudo-value method was used in order to take into account the competing risks of death, where censored observations (for which the event status is not observed) are replaced with pseudo-observations based upon Aalen-Johansen cumulative incidence estimates. For comparison with other studies, which mainly present incidence rates, the crude event rate for all endpoints in each native VHD subtype were calculated as events per 100 person-years at risk. Additionally, risks and rates were estimated separately for patients treated with a VKA or a NOAC (baseline treatment status).
Statistical analyses were performed using SAS 9.3 (SAS Institute) and Stata version 15 (StataCorp LP).

Ethical considerations
The Danish Health Data Agency provided the data for the study. The study was in compliance with the General Data Protection Regulation and, therefore, a part of North Denmark Region’s record of processing activities (project no. 2017-40). No ethical approval is required for studies based on data from administrative Danish registries according to Danish laws.

RESULTS
We identified 10,043 incident atrial fibrillation patients with native VHD from 2000-2018, of which 5,190 patients had isolated aortic stenosis, 1,788 patients had isolated aortic regurgitation, 327 patients had isolated mitral stenosis, and 2,738 patients had isolated mitral regurgitation [eFigure 1]. The median follow-up time for the endpoint of all-cause death was 4.2 years (inter-quartile range (IQR): 1.2 to 6.0). 

Baseline patient characteristics according to the native VHD subtype are summarized in Table 1. Median age ranged between 74-81 years, and percentage of females ranged between 44.4-71.6%. The mean Charlson Comorbidity Index score ranged between 1.1-1.5, and the mean CHA2DS2-VASc and HAS-BLED scores were similar in all subtypes, approximately 3.8 and 2.5, respectively. A history of thromboembolism was more prevalent in patients with isolated mitral stenosis than in the other subtypes (20.2% vs. 10.3-16.1%), whereas the prevalence of prior major bleeding was relatively similar between all subtypes, except for patients with isolated mitral regurgitation where the prevalence was slightly lower (14.8% vs. 16.2-18.2%). Patients included before 2012 were all treated with a VKA. After the introduction of NOACs, on average 37.2-100.0% were anticoagulated with a VKA, whereas 56.6-62.8% were anticoagulated with a NOAC. 

Cumulative incidence curves depicting events according to the native VHD and oral anticoagulant agent demonstrated a steep increase during the first month(s) after AF diagnosis, followed by a steady increase during the following months [Figure 1 and Figure 2]. 
The absolute risks and rates of all events at 1-year follow-up according to native VHD subtype and oral anticoagulant agent are presented in Table 2 and Table 3. At 1 year after atrial fibrillation diagnosis, the risk of thromboembolism was 4.6% in patients with isolated mitral stenosis taking a VKA, and 2.6% in patients with isolated aortic stenosis taking a VKA or NOAC. For patients with isolated aortic or mitral regurgitation, the risk ranged between 1.5-1.8% in both treatment groups. 
For the endpoint of major bleeding, the risk was approximately 5% in patients with isolated aortic stenosis or isolated mitral stenosis treated with a VKA at 1 year after atrial fibrillation diagnosis, and between 3.3-4.0% in patients with isolated aortic or mitral regurgitation. For patients treated with a NOAC, the risk was 3.7% in patients with isolated aortic stenosis at 1 year after atrial fibrillation diagnosis, and approximately 2.5% in patients with isolated aortic or mitral regurgitation. Generally, most major bleeding events were other bleedings than intracranial and gastrointestinal bleedings.
The risk of all-cause death was approximately 19% at 1 year after atrial fibrillation diagnosis in patients with isolated aortic stenosis or mitral stenosis treated with a VKA and 25.1% in patients with isolated aortic stenosis when treated with a NOAC. For patients with isolated aortic or mitral regurgitation, the risk ranged between 11.3-14.9% in both treatment groups. 
In general, few events across all endpoints were observed in patients with isolated mitral stenosis.


DISCUSSION
In this large cohort study of anticoagulated patients with incident atrial fibrillation and native VHD using data that reflects clinical practice, our main observations suggest as follows: (i) One year after a diagnosis of atrial fibrillation, anticoagulated patients with different native VHD had dissimilar risk of thromboembolism and bleeding complications, both in patients treated with a VKA and in patients treated with a NOAC. (ii) Specifically, patients with isolated aortic stenosis and patients with isolated mitral stenosis were high-risk subgroups.

Aortic stenosis
Aortic stenosis is the most common VHD in the Western countries. The risks of thromboembolism and bleeding complications in anticoagulated patients with atrial fibrillation and native aortic stenosis have only been sparsely described previously. In our study, we observed a 2.6% risk of thromboembolism and a 3.7-5.7% risk of bleeding complications in anticoagulated patients with isolated aortic stenosis at 1 year after atrial fibrillation diagnosis. In an explorative post hoc subanalysis of the ROCKET AF trial,(7) anticoagulated patients with atrial fibrillation and native aortic stenosis (although not isolated aortic stenosis) had a slightly higher thromboembolic rate (4.21 vs. 2.98 (VKA)/3.16 (NOAC) events per 100 person-years) and bleeding rate (7.61 vs. 6.66 (VKA)/4.43 (NOAC) events per 100 person-years) compared to the rates in our study. In the post hoc randomized trial subanalysis, patients with aortic stenosis were identified as a high-risk subgroup regarding thromboembolic and bleeding risk. Another study did not find a higher risk in atrial fibrillation patients with aortic stenosis compared to those without aortic stenosis,(6) but a recent study confirmed the findings of the post hoc analysis.(4)
We observed a 1-year mortality risk of 19.1% and 25.1% in patients with isolated aortic stenosis treated with a VKA and a NOAC, respectively, which was higher than what has been reported in some other studies,(18,19) but similar to the risk reported in a study published recently.(20) In our study, the high cumulative death incidences are likely related to the high median age of 81 years, as well as high CHA2DS2-VASc and Charlson Comorbidity Index scores in these patients together with the fact that the study population consisted of patients with diagnoses of atrial fibrillation and VHD requiring hospital contact.
Patients with aortic stenosis are often older, have many comorbidities, and thus, high CHA2DS2-VASc and HAS-BLED scores, as seen in our study. Therefore, it is possible that the observed risks in our study were primarily influenced by the presence of cardiovascular risk factor, rather than the heart valve disease itself. Irrespective of the causal explanation, this anticoagulated patient group is a high-risk subgroup that needs careful consideration and follow-up regarding bleeding complications and thromboembolic risk. 
 
Mitral stenosis
It is generally agreed that mitral stenosis is the subtype of native VHD with the highest risk of thromboembolism, probably related to the low-flow patterns occurring in the left atrium and with a frequent location of the thrombus outside of the left atrial appendage.(21) Patients with mitral stenosis were generally excluded in previous trials testing anticoagulation in patients with atrial fibrillation, as mitral stenosis has been associated with a very high stroke risk in previous studies.(22–25) In our study, the observed high risk of thromboembolism at 1 year after atrial fibrillation diagnosis was expected (4.6%), even though we examined an anticoagulated patient group. The observed rate of thromboembolism in our study was slightly higher than the rates observed in another study (5.26 vs. 2.22-4.19 events per 100 person-years).(26) We observed a 5.2% risk of major bleeding. Mitral stenosis is the only native VHD, where NOACs are contraindicated due to potentially higher risk and different mechanisms of thrombosis, as well as the lack of sufficient data on the efficacy of NOACs in these patients.(21,27,28) No randomized controlled trial has examined the use of anticoagulation, nor specifically NOACs, in patients with native mitral stenosis. A recent explorative observational study of patients with atrial fibrillation and native mitral stenosis demonstrated lower rates of thromboembolism and intracranial haemorrhage in patients treated with a NOAC compared to those treated with a VKA;(26) however, future studies are necessary to confirm these results. Currently, the optimal anticoagulant therapy in patients with rheumatic VHD (rheumatic fever is the main cause of mitral stenosis globally) and atrial fibrillation is being investigated in the INVICTUS-VKA trial,(29) which is expected to complete in 2020.

Aortic and mitral regurgitation
In patients with atrial fibrillation, most studies indicate that aortic regurgitation and mitral regurgitation do not independently increase the thromboembolic risk beyond the atrial fibrillation alone and do not act as additional risk factors.(6,7,30–32) In the anticoagulated atrial fibrillation patients with isolated aortic or mitral regurgitation, we observed a ≤1.8% risk of thromboembolism at 1 year after atrial fibrillation diagnosis. In the post hoc subanalysis of the ROCKET AF trial,(7) anticoagulated patients with atrial fibrillation and native aortic or mitral regurgitation had similar thromboembolic rate as in our study (2.01 vs. 1.68-2.00 events per 100 person-years), but slightly higher bleeding rate than in our study (4.86 vs. 2.64-4.37 events per 100 person-years). In the post hoc subanalysis, the rate of major bleeding was higher among anticoagulated atrial fibrillation patients with aortic or mitral regurgitation compared to those without VHD – consistent with the findings of another study.(5) We observed a 2.4-4.0% risk of major bleeding in these subgroups at 1 year after atrial fibrillation diagnosis. Thus, risk of bleeding complications should receive attention in this anticoagulated patient group.

Clinical implications
In current guidelines, a NOAC is considered a reasonable alternative to a VKA in patients with atrial fibrillation and aortic stenosis, aortic regurgitation or mitral regurgitation based on post hoc sub-analyses of randomized controlled trials.(27,28) In our study, we aimed to describe the real-world risks of thromboembolism and major bleeding complications in anticoagulated patients with incident atrial fibrillation and different native aortic or mitral valve disease and, therefore, comparison of risks of events in patients treated with a VKA or a NOAC cannot be made based on this study as the study was not designed for this. Additionally, we did not have information about the quality of anticoagulant control (e.g. time in therapeutic range for patients in VKA therapy), which has a major impact on the risk of events.(33) Future trials need to investigate the effectiveness and safety of these anticoagulant agents in patients with atrial fibrillation and different subtypes of native VHD. Furthermore, even though our observations indicate that anticoagulated patients with atrial fibrillation and isolated aortic or mitral stenosis may be particular high-risk subgroups that requires intensive follow-up, we cannot elucidate whether these high risks are caused by the heart valve disease itself or the presence of other risk factors. To make any additional recommendations about the optimal antithrombotic management in these patients, a randomized trial specifically designed to investigate the optimal antithrombotic therapy in these patients is necessary. Nevertheless, our findings give an indication of the risk of events within the different subtypes of VHD and anticoagulant agents in clinical practice.  

Strengths and limitations
The large sample size, uniquely possible with nationwide registry studies, minimizes the risk of random error. Bias from a selection into the study was likely low, since we investigated a nationwide population cohort of consecutive incident atrial fibrillation patients using administrative data, which also implies virtually no loss to follow-up.
The diagnoses of atrial fibrillation and VHD were based on a hospital contact resulting in a diagnosis of atrial fibrillation and/or VHD and, therefore, the study population may not be representative of all patients with atrial fibrillation and VHD, such as patients only seen in general practice. The diagnosis of atrial fibrillation has previously been validated with a positive predictive value of 93%.(34,35) Similarly, the diagnosis of different types of VHD have previously been validated with a positive predictive value of 96-98%.(36) We did not have access to echocardiographic data as well as individual-level blood pressure measurements, and therefore, we were unable to explore subcategories of the valve lesion, e.g., by severity or degree of hemodynamic influence. The risks of thromboembolism and bleeding may be dependent on whether the VHD is mild or severe, and therefore, the lack of information on this matter is a limitation. Furthermore, since we did not have information on VHD severity, we were not able to accurately categorize these patients in relation to their most important VHD, and we thus excluded patients with multiple valve disease.
In Denmark, every patient presenting with symptoms of a thromboembolism is admitted to and examined in a hospital setting. Hence, the accuracy of our findings depends on proper ICD-10 coding. The diagnosis of ischaemic stroke has been validated and found to have a positive predictive value of 80-90%.(37,38) However, the risk of ischaemic stroke can only be estimated with some uncertainty in our study. Firstly, we included unspecified stroke in the definition of ischaemic stroke, as the majority of such strokes are of ischaemic origin,(38) secondly, we did not include transient ischaemic attacks due to a low positive predictive value in the registries, and thirdly, some patients may experience a fatal thromboembolic event without an admission to the hospital. We were unable to estimate how many patients experienced such a fatal event without simultaneously being given a hospital discharge diagnosis, but this is likely to some extent to have underestimated thromboembolic incidence. Fourthly, the baseline prevalence of previous thromboembolism differed across subgroups. Since the positive predictive value of thromboembolism post-atrial fibrillation diagnosis is likely different depending on whether the patient has had a previous thromboembolic event, for which the subsequent event would be a recurrent event with perhaps a lower positive predictive value, this may contribute to a relative overestimation of thromboembolism among those with previous thromboembolism versus those without such a history.
The diagnosis of intracranial haemorrhage has been validated and found to have a positive predictive value of 88%.(39) No validation studies for the diagnosis of other major bleeding currently exist. However, we examined only diagnoses of major bleeding leading to a hospital admission to ensure that the bleeding was actually major and of clinical relevance. By this approach, major bleedings registered in outpatients were not examined, but some of these bleedings could be clinically relevant.
Lastly, the study was carried out as a nationwide study in the Danish population, which is ethnically homogeneous; thus, future studies are needed to evaluate if our findings hold in more ethnically diverse populations with atrial fibrillation and aortic or mitral VHD.

Conclusion
When using data that reflects clinical practice, our observations suggest that one year after a diagnosis of atrial fibrillation, anticoagulated patients with different native VHD had dissimilar risk of thromboembolism and bleeding complications, both in patients treated with a VKA and in patients treated with a NOAC. Specifically, patients with isolated aortic stenosis and patients with isolated mitral stenosis were high-risk subgroups. This observation may guide clinicians regarding intensity of clinical follow-up.
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FIGURE LEGENDS
Figure 1. Cumulative incidence of thromboembolism and major bleeding in the VKA-treated population, according to native VHD subtype. AF: Atrial fibrillation, VKA: Vitamin K antagonist.
Figure 2. Cumulative incidence of thromboembolism and major bleeding in the NOAC-treated population, according to native VHD subtype. AF: Atrial fibrillation, NOAC: Non-vitamin K antagonist oral anticoagulant.
Figure 3. Cumulative incidence of all-cause death in the VKA-treated and NOAC-treated population, according to native VHD subtype. AF: Atrial fibrillation, NOAC: Non-vitamin K antagonist oral anticoagulant, VKA: Vitamin K antagonist.

Supplementary:  
eTable 1. Discharge codes used for definition of native valvular heart disease. 
eTable 2. ICD-codes and ATC-codes used to define comorbidities, medical therapies, and outcomes.
eFigure 1. Flowchart of study population.
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