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Aim: The risks of thromboembolism and major bleeding in atrial fibrillation (AF) patients were assessed according to the “Evaluated 
Heartvalves, Rheumatic or Artificial” (EHRA) classification. Additionally, the safety and efficacy of vitamin K antagonists (VKAs) 
and non-VKA oral anticoagulants (NOACs) were compared in AF patients with EHRA type 2 valvular heart disease (VHD) versus 
those with no VHD.
Methods: AF patients enrolled in the “Jordan Atrial Fibrillation (JoFib)” study were followed up for thromboembolic events and 
major bleeding at 30, 180, and 365 days. Patients in the EHRA type 2 VHD and non-VHD groups were sub-grouped to compare 
different OACs.
Results: 2020 AF patients were recruited. The thromboembolic risk was higher in EHRA type 2 VHD patients compared to non-VHD 
controls. Major bleeding also occurred at higher rates in EHRA type 2 patients. In addition, NOACs were more effective in preventing 
thromboembolic events than VKAs and non-anticoagulation in EHRA type 2 VHD patients. Furthermore, EHRA type 2 VHD patients 
taking rivaroxaban had significantly less thromboembolic risk than their non-anticoagulated counterparts. At the same time, apixaban 
and warfarin did not significantly lower the risk of thromboembolism compared to non-anticoagulation.
Conclusion: AF patients with EHRA type 2 VHD are at significant risk of thromboembolism and major bleeding. Furthermore, 
NOACs were more effective than VKAs in preventing thromboembolic events in this group of patients without conferring an added 
risk of major bleeding. Moreover, rivaroxaban appears to be particularly efficacious.
Keywords: thromboembolism, bleeding, atrial fibrillation, EHRA type 2 valvular heart disease, Jordan

Introduction
Atrial fibrillation (AF) is a well-established risk factor for thromboembolism and an essential indication for oral anticoagulation 
(OAC),1,2 conferring a severe risk of bleeding.3 Valvular heart disease (VHD) is independently associated with AF.1 It is an 
independent cause of mortality and morbidity associated with thromboembolic and bleeding events, irrespective of underlying 
cardiac rhythm.4,5 AF patients have historically been dichotomized as “valvular” AF or “nonvalvular” AF. However, clinical 
definitions of these terms have been conflicting, causing confusion among researchers and practitioners.6,7 As an antidote to this 
uncertainty, a new functional classification of AF patients with VHD, based on OAC therapy, was proposed: the “Evaluated 
Heartvalves, Rheumatic or Artificial” (EHRA) classification, which categorized patients as 1) EHRA type 1 VHD, corresponding 
to AF patients with “VHD needing therapy with a vitamin K antagonist (VKA)”, which include mitral stenosis (moderate to 
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severe, of rheumatic origin) and mechanical prosthetic valve replacement; and 2) EHRA type 2 VHD, which refers to AF patients 
with “VHD needing therapy with a VKA or a non-VKA oral anticoagulant (NOAC)”, which generally include any other VHD, 
bioprosthetic valve replacement, valve repair or transcatheter aortic valve implantation (TAVI).8

Thromboembolic risk in AF patients with concurrent mitral stenosis or mechanical prosthetic valve (EHRA type 1 VHD) is 
well established, prompting guidelines to recommend anticoagulation with VKAs. In contrast, thromboembolic risk in the 
heterogeneous EHRA type 2 VHD group is not as certain, and guidelines recommend anticoagulation by the CHA2DS2VASc 
score.8 Recent studies have indicated an increased risk of thromboembolism and major bleeding in AF patients with EHRA type 2 
VHD compared to AF patients with no documented VHD. However, this may be explained by the greater number of risk factors 
and comorbidities in the former group, reflected by a higher CHA2DS2VASc score.9,10

Several studies have compared the safety and effectiveness of NOACs and VKAs in managing AF patients with EHRA type 2 
VHD. They have generally demonstrated comparable outcomes regarding thromboembolism and major bleeding, with some 
suggesting a more favorable profile of NOACs, not to mention the added benefits of fewer side effects, more rapid pharmaco-
kinetic effects, and less monitoring.11–16 Furthermore, recent guidelines have recommended using NOACs over warfarin in AF 
patients without moderate-severe mitral stenosis or a mechanical heart valve, including those with EHRA type 2 VHD.17

In this study, the risk of thromboembolism and major bleeding according to the new EHRA valve classification was assessed in 
a Jordanian population of AF patients from the national multicenter AF registry. In addition, the risks of thromboembolism and 
major bleeding were compared between patients taking VKAs and patients taking NOACs within an EHRA type 2 VHD 
subpopulation and within a subpopulation of patients with no documented VHD.

Methods
Study Population and Design
This study included patients enrolled in the “Jordan Atrial Fibrillation (JoFib)” study, a national multicenter observa-
tional registry of AF patients sequentially recruited from 18 hospitals and 11 outpatient cardiology clinics throughout 
Jordan. Inclusion criteria were diagnosis of AF confirmed by 12-lead electrocardiogram (EKG), rhythm strip lasting ≥30 
seconds, ≥1 episode of AF on an ambulatory EKG monitor, or a past diagnosis by a treating cardiologist. Patients were 
assessed for the primary outcomes of thromboembolism, defined as ischemic stroke (thrombotic or embolic stroke) or 
systemic embolism, and major bleeding, defined as intracranial hemorrhage, bleeding requiring hospitalization, bleeding 
leading to a drop in hemoglobin concentration greater than 2g/dL or bleeding requiring blood transfusion, at 1, 6 and 12 
months of follow-up.18 Patients who refused to sign the study consent form without sufficient data or records for the 
whole period were excluded.

Using specialist face-to-face interviews and laboratory records, data were collected at the entry visit and included 
clinical and demographic profiles, laboratory findings, transthoracic echocardiographic features, and data on OAC use 
and other medications. The follow-up data were collected using face-to-face interviews, laboratory records, and phone 
calls when appropriate. CHA2DS2VASc and HAS-BLED scores were calculated for each patient at baseline.

The study population of AF patients was divided into three groups based on EHRA VHD classification as follows: 1) 
EHRA type 1 VHD, defined as a diagnosis/procedural code of moderate-to-severe mitral stenosis or metallic prosthetic 
valve; 2) EHRA type 2 VHD, defined as any other VHD, including a diagnosis/procedural code of aortic stenosis or 
regurgitation, mitral regurgitation, TAVI or other valve diseases/procedures (tricuspid regurgitation/stenosis, pulmonic 
regurgitation/stenosis, bioprosthetic valve replacement); and 3) Non-VHD controls, defined as AF patients with no 
diagnosis/procedural code of any VHD nor prosthetic heart valve or valve repair. Patients diagnosed with EHRA type 1 
VHD and type 2 VHD were classified as EHRA type 1 VHD.

Statistical Analysis
Comparisons between groups were made using chi-square tests to compare categorical variables, described as percentages, and 
one-way ANOVA tests for continuous variables described using means and standard deviations (SD).

Using cox proportional hazards models, time-to-event analysis was applied to describe the association between EHRA 
classification and the risk of thromboembolism and major bleeding. Time at risk was measured from the entry visit date until an 
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event of thromboembolism or major bleeding, death, change in anticoagulation status (starting anticoagulation therapy, dis-
continuing anticoagulation, switching from one medication to another, or changing dose), emigration, end of follow-up or end of 
the study, whichever occurred first. Data on the time at which failure and censoring events had occurred were accurate to the day of 
follow-up except for the change in anticoagulation status, which was expressed as having occurred during 0–30 days of follow-up, 
31–180 days of follow-up, or 181–365 days of follow-up. Since the number of patients that experienced a change in antic-
oagulation status was relatively small, we estimated that the change occurred at 15, 105, or 272 days, respectively. Time at risk was 
measured separately for each event of interest (thromboembolism or major bleeding); thus, patients were followed until the event 
of interest (or a censoring event, eg, death) and were allowed to experience a thromboembolic event before the bleeding event, and 
vice versa. The proportional hazards assumption was tested by running a cox regression analysis with time-dependent variables. 
The results were expressed as hazard ratios (HR) and 95% confidence intervals (CI).

Subgroup analysis was performed on EHRA type 2 and non-VHD patients according to OAC therapy to describe the 
association between OAC class and thromboembolic and major bleeding risk within AF patients with EHRA type 2 VHD and AF 
patients with no VHD. Two sets of analyses were performed for each group: one comparing NOACs and VKAs, and a second 
comparing individual drugs. Time-to-event analysis was performed as described above. Subgroup analysis was not performed for 
EHRA type 1 patients because most of these patients were taking Warfarin, and too few patients were taking NOACs or were non- 
anticoagulated for a reliable risk estimate to be obtainable. A p-value <0.005 was considered statistically significant. IBM SPSS 
Statistics for Windows, version 26 (IBM Corp., Armonk, NY, USA) was used for statistical analysis.

Ethical Considerations
All relevant study documentation and amendments were approved by the institutional review board of Jordan University 
of Science and Technology and registered at the ClinicalTrials.gov with reference number: NCT03917992. Written 
informed consents were obtained from all study participants.

Results
A total of 2020 patients with AF were included in this study. Of them, 170 (8.4%) had EHRA type 1 VHD defined as 
moderate-to-severe mitral stenosis of rheumatic origin (66, 3.3%) or mechanical prosthetic valve (104, 5.1%); 339 
(16.8%) had EHRA type 2 VHD defined as any other VHD including moderate-to-severe mitral regurgitation, moderate- 
to-severe aortic regurgitation, moderate-to-severe tricuspid regurgitation, and TAVI; and 1511 (74.8%) had no VHD. 
Descriptive statistics for these patients are provided in Table 1. Notably, AF patients with EHRA type 2 VHD were older 
and had higher mean CHA2DS2VASc and HAS-BLED scores than patients with EHRA type 1 VHD or no VHD. On the 
other hand, EHRA type 1 patients were more commonly female and more likely to have permanent AF than other 
patients.

Regarding medical therapy, EHRA type 1 patients were more frequently prescribed anticoagulants (96.5%) and beta- 
blockers (84.7%), while type 2 patients more commonly received angiotensin-converting enzyme inhibitors or angio-
tensin II receptor blockers (43.7%) and diuretics (53.7%).

Table 1 Characteristics of AF Patients According to EHRA Classification

Variable EHRA Type 1  
n=170 (8.40%)

EHRA Type 2  
n=339 (16.80%)

Non-VHD  
n=1511 (74.80%)

p

Age in years (mean±SD) 61.86±11.80 72.26±13.29 67.62±13.387 <0.0001

Gender (female) 115 (67.60%) 197 (58.10%) 779 (51.60%) <0.0001

HTN 92 (54.10%) 258 (76.10%) 1155 (76.40%) <0.0001

DM 55 (32.40%) 145 (42.80%) 680 (45.00%) 0.007

HF 34 (20.00%) 134 (39.50%) 313 (20.70%) <0.0001

CAD 11 (6.50%) 30 (8.80%) 178 (11.80%) 0.047

(Continued)
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Table 1 (Continued). 

Variable EHRA Type 1  
n=170 (8.40%)

EHRA Type 2  
n=339 (16.80%)

Non-VHD  
n=1511 (74.80%)

p

Dyslipidemia 46 (27.10%) 137 (40.40%) 725 (48.00%) <0.0001

Current smoker 26 (15.30%) 33 (9.70%) 222 (14.70%) 0.05

BMI (mean±SD) 27.86 ±5.43 29.19 ±5.80 29.63±5.74 0.001

Previous thromboembolic event 24 (14.10%) 48 (14.20%) 246 (16.30%) 0.520

COPD 5 (2.90%) 16 (4.70%) 51 (3.40%) 0.435

Thyroid disease 20 (11.80%) 37 (10.90%) 149 (9.90%) 0.659

CKD 8 (4.70%) 36 (10.60%) 135 (8.90%) 0.084

Cancer 13 (7.60%) 27 (8.00%) 77 (5.10%) 0.069

Sleep apnea 3 (1.80%) 18 (5.30%) 62 (4.10%) 0.164

Permanent AF 78 (45.90%) 132 (38.90%) 394 (26.10%) <0.0001

CHA2DS2VASc score (mean±SD) 2.93±1.58 4.06±1.508 3.57±1.872 <0.0001

HAS-BLED score (mean±SD) 1.29 ±1.064 1.8±1.052 1.66±1.117 <0.0001

CHA2DS2VASc comorbidity 132 (77.60%) 310 (91.40%) 1308 (86.60%) <0.0001

History of ablation 1 (0.60%) 6 (1.80%) 21 (1.40%) 0.561

History of electric cardioversion 14 (8.20%) 10 (2.90%) 86 (5.70%) 0.033

Permanent pacemaker 2 (1.20%) 9 (2.70%) 28 (1.90%) 0.473

First AF episode 22 (12.90%) 75 (22.10%) 464 (30.70%) <0.0001

Left Ventricular Ejection Fraction (mean±SD) (n=1905) 53.0909±11.1513 48.8018±13.5298 54.3281±11.98152 <0.0001

Left Ventricular Ejection Fraction ≤45% (n=1905) 35 (21.20%) 121 (35.80%) 288 (20.50%) <0.0001

Left Ventricular Hypertrophy (n=1827) 52 (34.70%) 122 (37.80%) 534 (39.40%) 0.483

Left Atrial Size in cm (mean±SD) (n=1727) 4.9489±0.90306 4.6606±0.71891 4.1649±0.71942 <0.0001

Pulmonary Hypertension (n=2009) 76 (45.00%) 180 (53.30%) 255 (17.00%) <0.0001

Medications

Anticoagulant 164 (96.50%) 295 (87.00%) 1195 (79.10%) <0.0001

Antiplatelet 47 (27.60%) 122 (36.00%) 623 (41.20%) 0.001

Two antiplatelet agents 2 (1.20%) 24 (7.10%) 97 (6.40%) 0.018

Beta blocker 144 (84.70%) 274 (80.80%) 1203 (79.60%) 0.275

Amiodarone 28 (16.50%) 46 (13.60%) 314 (20.80%) 0.006

Nondihydropyridine Calcium channel blocker 9 (5.30%) 34 (10.00%) 175 (11.60%) 0.038

Digoxin 57 (33.50%) 50 (14.70%) 209 (13.80%) <0.0001

Angiotensin-converting enzyme inhibitor or Angiotensin-II receptor 

blocker

41 (24.10%) 148 (43.70%) 599 (39.60%) <0.0001

Class 1c antiarrhythmic 2 (1.20%) 2 (0.60%) 35 (2.30%) 0.086

Statin 36 (21.20%) 129 (38.10%) 592 (39.20%) <0.0001

Diuretic 78 (45.90%) 182 (53.70%) 531 (35.10%) <0.0001
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Thromboembolism
Of the 2020 patients enrolled in the JoFib registry, 74 patients had no follow-up data and were excluded from time-to- 
event analyses. There were 77 thromboembolic events in total. The rate of thromboembolic events for AF patients was 
significantly higher (1.954, 95% CI: 1.19–3.22, p=0.008) in EHRA type 2 than in non-VHD controls (p=0.007 for overall 
Log rank test; p=0.023 for type 2 vs 1, p=0.216 for type 1 vs non-VHD controls (Figure S1, Supplementary files). After 
adjustment for age, sex, anticoagulation, antiplatelet therapy, and comorbid diseases (heart failure, hypertension, diabetes, 
previous thromboembolic event, and coronary artery disease), a statistically significant difference between the three 
groups persisted with EHRA type 2 predisposing to thromboembolism (Figure 1). Multivariable analysis also identified 
increasing age, history of thromboembolism, and diabetes as independent predictors of future thromboembolism. 
Interestingly, when adjusted for anticoagulation at baseline and CHA2DS2VASc score, AF patients with EHRA type 2 
VHD remain at a statistically significant higher risk of thromboembolism than non-VHD AF controls (1.755 (95% CI: 
1.066–2.890, p=0.027). Increasing the CHA2DS2VASc score was also identified as an independent risk factor for 
thromboembolic events.

Major Bleeding
A total of 49 major bleeding events occurred during the 12 months of follow-up. The risk of major bleeding in AF 
patients was significantly higher (2.207, 95% CI: 1.17–4.18, p=0.015) among those classified under EHRA type 2 VHD 
than those with no VHD (p=0.034 for the overall Log Rank test, p=0.800 for type 1 vs non-VHD, p=0.137 for type 1 vs 
type 2 (Figure S2, Supplementary files). After adjustment for age, sex, anticoagulation, antiplatelet use, baseline INR >3, 
and comorbidities including hypertension, chronic kidney disease, and previous stroke, no significant difference in major 
bleeding risk was observed between the three groups (Figure 2). In addition, increasing age, baseline INR >3 and 
increasing HAS-BLED score were identified as independent risk factors for major bleeding.

OAC Sub-Analysis
Descriptive statistics regarding OAC in AF patients are provided in Table 2. Briefly, EHRA type 1 patients were more 
frequently anticoagulated (96.5%) than other groups. Warfarin was the most used anticoagulant in EHRA type 1 patients 
(87.1%). At the same time, NOACs were more commonly used in EHRA type 2 and non-VHD patients (48.4% and 
51.6%, respectively), with Rivaroxaban being the most common NOAC (26.0% and 25.1%, respectively).

Figure 1 Thromboembolism survival curve, adjusted, in AF patients according to EHRA VHD classification; 1946 patients, and 77 events.
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Subgroup analysis according to OAC was performed separately in EHRA type 2 VHD patients and non-VHD 
patients. Two sets of analyses were conducted in each group. In the first, three subgroups of patients were compared 
(patients taking NOACs, patients taking warfarin, and non-anticoagulated patients). In the second subgroup analysis, we 
sought to compare individual anticoagulant drugs. Six anticoagulants were identified in the population of AF patients, 
warfarin, rivaroxaban, apixaban, dabigatran, edoxaban, and enoxaparin. Patients taking dabigatran and edoxaban were 
not present in numbers sufficient to obtain a reliable risk estimate and thus were excluded from the second subgroup 
analysis. Since enoxaparin, low-molecular-weight heparin, is administered subcutaneously, it is, by definition, not an 
OAC; therefore, patients taking enoxaparin were excluded from all OAC subgroup analyses. Finally, four subgroups 
were compared in the second analysis (patients taking warfarin, patients taking rivaroxaban, patients taking apixaban, 
and non-anticoagulated patients). Of the 1946 AF patients with follow-up data, 41 took subcutaneous enoxaparin and 
were excluded from OAC subgroup analyses.

AF patients with EHRA type 2 VHD taking NOACs were at a significantly lower risk of thromboembolism compared to non- 
anticoagulated patients and those taking warfarin (0.213 (95% CI: 0.06–0.74), p=0.015; 0.314, 95% CI: 0.11–0.89, p=0.030, 
respectively (Figure S3, Supplementary files). This persisted after adjustment for age, sex, antiplatelet therapy, and comorbidities 
(hypertension, diabetes, previous thromboembolic event, coronary artery disease, and heart failure (Figure 3). There was no 

Table 2 OAC in AF Patients According to EHRA Classification

EHRA Type 1 VHD EHRA Type 2 VHD Non-VHD p

Anticoagulated 164 (96.50%) 295 (87.00%) 1195 (79.10%) <0.0001

Warfarin 148 (87.10%) 126 (37.20%) 375 (24.80%) <0.0001

NOAC 16 (9.40%) 164 (48.40%) 779 (51.60%) <0.0001

Rivaroxaban 10 (5.90%) 88 (26.00%) 380 (25.10%) <0.0001

Apixaban 4 (2.40%) 59 (17.40%) 304 (20.10%) <0.0001

Dabigatran 2 (1.20%) 17 (5.00%) 94 (6.20%) 0.022

Edoxaban 0 (0.00%) 0 (0.00%) 1 (0.10%) 0.845

Enoxaparin 0 (0.00%) 5 (1.50%) 41 (2.70%) 0.044

Figure 2 Major bleeding survival curve, adjusted, in AF patients according to EHRA VHD classification; 1946 patients and 46 events.
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significant difference in major bleeding risk between patients on NOACs, warfarin and non-anticoagulated patients (Figure 4). In 
AF patients with no VHD, no statistically significant difference was found between the NOACs, warfarin, and non- 
anticoagulated groups regarding thromboembolic or major bleeding risk (Figures S4 and S5, Supplementary files).

Among AF patients with EHRA type 2 VHD, rivaroxaban therapy was associated with significantly less risk of 
thromboembolism compared to non-anticoagulated patients (0.15 (95% CI: 0.029–0.775), p=0.024), while warfarin and 
apixaban were not associated with a statistically significant risk reduction (Figure 5). No statistically significant risk of 
major bleeding was found in any of the three OAC subgroups (Figure S6, Supplementary files). In non-VHD patients, 
neither rivaroxaban, apixaban, or warfarin was significantly protective or predictive of thromboembolism or major 
bleeding (Figures S7 and S8, Supplementary files).

Figure 3 Thromboembolism survival curve, adjusted, in AF patients with EHRA type 2 VHD according to OAC; 325 patients, and 22 events.

Figure 4 Major bleeding survival curve in AF patients with EHRA type 2 VHD according to OAC; 325 patients, and 14 events comparison among patients on NOACs, 
warfarin, and non-anticoagulated patients.
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Discussion
In this study, AF patients categorized according to the EHRA VHD classification were shown to be associated with 
different risk profiles. Specifically, patients with EHRA type 2 VHD were at higher risk of thromboembolism and major 
bleeding than AF patients with no VHD. Interestingly, thromboembolic risk persisted after adjusting for possible 
confounders. Whether such findings are due to random chance, reflect a potential risk inherent in the physiology of 
the valvular diseases, or can be explained by unidentified confounding factors, remains unknown. Notably, the EHRA 
type 2 VHD group had a significantly higher mean CHA2DS2VASc score, which may help explain this finding even after 
adjustment. Of note, these findings contrast with previous studies, where the greater thromboembolic risk associated with 
EHRA type 2 VHD status was no longer significant following adjustment for possible confounding risk factors, which 
was explained by the older age and larger number of comorbidities in the EHRA type 2 VHD group, reflected by 
a greater CHA2DS2VASc score.9,10 On the other hand, the risk of major bleeding in EHRA type 2 patients became 
nonsignificant following adjustment, which could be explained by the higher HAS-BLED score and the number of 
patients taking OACs in this group. This was unlike what was observed by Bisson et al, who described a persistent, 
significantly increased risk of major bleeding in patients with EHRA type 2 VHD. However, they also observed higher 
mean HAS-BLED scores and/or OAC and postulated that these would be possible explanations.9 Moreover, EHRA type 
1 patients had a nonsignificantly lower risk of thromboembolism than non-VHD patients, which may be due to a higher 
percentage of anticoagulated patients in the former group, reaching 96.5%. This, however, is in line with the findings 
described by Bisson et al.9

The risk of thromboembolism and major bleeding in patients with EHRA type 2 VHD and patients without VHD 
were separately analyzed according to OAC therapy. In EHRA type 2 patients, an independent significantly lower risk of 
thromboembolism was detected in patients taking NOACs compared to those taking VKAs or no OAC. This corresponds 
with what was reported in previously published meta-analyses.11–13 Specifically, compared to nonanticoagulated patients, 
rivaroxaban was found to be more effective in preventing thromboembolic events than apixaban or warfarin. In 
a retrospective analysis of the large randomized trial Rivaroxaban Once Daily Oral Direct Factor Xa Inhibition 
Compared with Vitamin K Antagonism for Prevention of Stroke and Embolism Trial in Atrial Fibrillation (ROCKET 
AF) that compared warfarin and rivaroxaban in “nonvalvular” AF patients, which included EHRA type 2 VHD and non- 
VHD patients, Breithardt et al found a similar efficacy for preventing thromboembolic events of rivaroxaban and 
warfarin in AF patients with EHRA type 2 VHD.19 On the other hand, recent studies comparing NOACs and warfarin 
have found no significant difference in thromboembolic risk among AF patients with EHRA type 2 VHD.15,16 Melgaard 

Figure 5 Thromboembolism survival curve in AF patients with EHRA type 2 VHD according to OAC; 308 patients; 22 events; comparison among patients on rivaroxaban, 
apixaban, warfarin, and non-anticoagulated patients.
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et al even found a greater risk of thromboembolism in AF patients with aortic stenosis treated with NOACs than those 
treated with warfarin.14 Our study observed no significant difference in thromboembolic risk between non-VHD patients 
taking NOACs, warfarin, or no OAC. Interestingly, the thromboembolic risk was higher in both anticoagulated groups, 
which may be due to a significantly higher mean CHA2DS2VASc score in these two groups compared to the 
nonanticoagulated group.

This study found no significant differences in major bleeding risk among EHRA type 2 patients or non-VHD patients, 
anticoagulated with NOACs or warfarin or not anticoagulated. This is comparable to what was described in other recent 
studies.11,12,15,16 Conversely, Melgaard et al reported a significantly lower risk of major bleeding in aortic stenosis 
patients with AF and EHRA type 2 VHD treated with NOACs than warfarin.14 Interestingly, Malik et al demonstrated an 
increased risk of intracranial hemorrhage and major bleeding in AF patients with EHRA type 2 VHD taking rivaroxaban 
compared to other NOACs. They also identified a reduced risk with edoxaban.12 Our study found no significant 
difference in major bleeding between rivaroxaban, apixaban, and warfarin in patients with EHRA type 2 VHD or 
no VHD.

In general, it appears that NOACs could be a safe and effective alternative to VKAs in the management of AF 
patients with EHRA type 2 VHD. Considering the added benefits of more rapid pharmacokinetic effects and less 
requirement for monitoring, it may be the better choice. Accordingly, recent guidelines have recommended it over 
VKAs in this population of AF patients and those with no VHD.17

In comparison to the current study, a recent study was conducted in Turkey showed the most common comorbid 
diseases with atrial fibrillation were chronic kidney disease (69%) and hypertension (65.5%). This study demonstrated 
that most of the non-valvular atrial fibrillation patients are in the high-risk group.20 This was considered the reason for 
switching from warfarin to new oral anticoagulant therapies.20

Limitations
This study was based on registry data and is liable to limitations intrinsic to retrospective observational analyses. The 
study population was not ethnically diverse, and our results may not be generalizable to other populations. However, our 
results were comparable with those of studies conducted on different ethnic populations. The registry data used in this 
study did not contain data on VHD severity, which may influence thromboembolic risk. Thus, we could not investigate 
the effect of VHD severity on thromboembolic and major bleeding risks. We can only estimate the risk of ischemic stroke 
with some uncertainty, as our definition of ischemic stroke included patients with unspecified stroke, as most strokes are 
ischemic in origin. In addition, some patients may have suffered fatal strokes and never made it to the hospital. Data 
regarding risk factors for thromboembolism and major bleeding were collected at the entry visit. Similarly, 
CHA2DS2VASc and HAS-BLED scores were calculated at baseline. However, the dynamic population of AF patients, 
many of whom are elderly and with multiple comorbidities, may acquire risk factors with time, giving them new scores. 
Still, a change in anticoagulation status is likely to reflect a change in risk status. Since we censored patients who 
experienced a change in anticoagulation, we likely censored patients who developed new risk factors, such as fluctuations 
in drug concentration and response, as no monitoring was strictly conducted for those patients. However, our estimation 
of when a change in anticoagulation status occurred is not as accurate as other failure or censoring events, which were 
accurate to the follow-up day. In contrast, the change in anticoagulation status was described as either between 0 and 30 
days of follow-up, 31 to 180 days of follow-up, or 181 to 365 days of follow-up. Yet, since the number of patients who 
experienced a change in anticoagulation status was relatively small, we believe our estimation of the date of antic-
oagulation status change (15, 105, or 272 days of follow-up) to be reasonable. Finally, numerous variables were to be 
considered, and we may have overlooked confounding factors affecting the value of multivariable statistical analysis.

Conclusion
Current observations suggest that AF patients with EHRA type 2 VHD are at significant risk of thromboembolism and 
major bleeding. Furthermore, NOACs were found to be more effective than VKAs in preventing thromboembolic events 
in this group of patients without conferring an added risk of major bleeding. Moreover, rivaroxaban appears to be 
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particularly efficacious. Therefore, NOACs, particularly rivaroxaban, can potentially replace VKAs as a preferable 
choice of therapy in this group of patients. Further studies are needed to establish such a practice.

Data Sharing Statement
The data that support the findings of this study are available from the corresponding author (MA) upon reasonable 
request. No individual deidentified participant data will be shared.

Disclosure
The authors report no conflicts of interest in this work.
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