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Background: Dabigatran is a univalent low-molecular-weight direct thrombin inhibitor which was developed as an alternative to vitamin K antagonists (VKAs). However, the safety of dabigatran remains controversial so far. In this study, we aimed to compare the risk of bleeding, fatal adverse events, and the all-cause mortality of dabigatran with those of the control group by a systematic review and meta-analysis of randomized controlled trials.
Methods: We systematically searched PubMed, Web of Science, Cochrane Library, Medline, Embase, Wanfang database, Clinical trial, China National Knowledge Infrastructure Chinese Scientific Journal database (VIP), and Chinese Biological Medicine database (CBM), for clinical trials on conventional treatments compared with dabigatran, published between January 2014 and July 2020. The reported outcomes, including the endpoints of primary safety, were systematically investigated.
Results: Seven RCTs (n = 10,743) were included in the present systematic review. Compared to the control groups, dabigatran was not associated with an increased risk of major bleeding (relative risk [RR] 0.86, 95% confidence interval [CI]: 0.61 to 1.21, p = 0.06), intracranial hemorrhage (RR 0.89, 95% CI: 0.58 to 1.36, p = 0.41), fatal adverse reactions (RR 0.87, 95% CI: 0.65 to 1.17, p = 0.66), all-cause mortality (RR 0.88, 95% CI: 0.70 to 1.11, p = 0.45, I2 = 0%), and significantly reduced risk of clinically relevant non-major bleeding (RR 0.96, 95% CI: 0.65 to 1.42, p = 0.0007). However, dabigatran is associated with an increased risk of gastrointestinal (GI) bleeding (RR 1.78, 95% CI: 1.02 to 3.13, p = 0.05).
Conclusion: Dabigatran has a favorable safety profile in terms of major bleeding, intracranial hemorrhage, and life-threatening events, among other safety outcomes. The present study suggested that dabigatran may be a suitable alternative to VKAs as an oral anticoagulant. However, more data are necessary to clarify the incidence of other adverse events and serious adverse reactions.
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1 INTRODUCTION
According to the World Health Organization, cardiovascular diseases (CVDs) are the leading cause of death in the population. Each year, 17.9 million people die from CVDs, accounting for 31% of the world's total mortality rate (Abdullaev et al., 2019). That number is expected to rise to 23.6 million by 2030 (Laslett et al., 2012). Thrombosis is the leading cause of mortality among the top four causes of death worldwide (Wendelboe, 2016; Mackman, 2020). It can be categorized as arterial thrombosis (AT) or venous thrombosis (VT). Patients with AT may have an increased risk of VT (Prandoni et al., 2006; Prandoni, 2009; Mackman, 2020). Venous thrombosis is caused by endothelial dysfunction due to vessel injury and inflammation or overexpression of thrombogenic factors creates a procoagulant surface (Wolberg et al., 2015). Venous thrombi mostly occur in the deep veins of the legs and arms. The thrombi can break off, travel to the lungs, and lodge in the pulmonary arteries; this process is referred to as pulmonary embolism (PE). Patients with atrial fibrillation (AF) are at a greater risk of stroke owing to the occurrence of larger blood clots than those without AF (Mackman, 2020). Therefore, thrombosis is a fatal risk factor for the health of the patients. Thrombosis leads to numerous diseases, and can be a heavy burden if left untreated. Therefore, the cornerstones of therapeutic strategies for thrombosis are rapid diagnosis and appropriate treatment (Jafarzadeh-Esfehani, 2020).
There are three categories of antithrombotic agents, namely, antiplatelet agents, anticoagulants, and fibrinolytic agents. Anticoagulants are the first-line therapy for the prevention and treatment of VT. There are four classes of anticoagulants, namely, heparins (including low-molecular-weight heparin (LMWH), vitamin K antagonists (VKAs; including warfarin), direct thrombin inhibitors (DTIs; including bivalirudin and dabigatran), and direct FXa inhibitors (FXa; including edoxaban and rivaroxaban) (Mackman, 2020). VKAs, including warfarin, are currently the most commonly used treatment for patients with AF, for the prevention of stroke and venous embolisms, including PE. However, warfarin is associated with a high risk of serious hemorrhagic complications, especially in the elderly. Therefore, treatment with warfarin requires frequent monitoring, and the efficacy of warfarin depends on the nutritional status of the patient (Duan and Jingli, 2020; Song and ZiKai, 2020).
Dabigatran is a reversible DTI with rapid and predictable anticoagulant effects, which do not need of coagulation monitoring and dose adjustments, and does not cause dietary restrictions for patients. Dabigatran etexilate (DE), hereafter referred to as dabigatran, is a small molecule that is orally absorbed after oral administration and converted into dabigatran acting directly by inhibiting thrombin, responsible for the conversion of fibrinogen into fibrin during coagulation cascade and preventing the development of thrombus (clot). (Yasaka et al., 2013; Pepe Ribeiro de Souza C et al., 2015).
Dabigatran treatment has been shown to be cost-effective compared with warfarin treatment, with better clinical results and an additional cost justified by the benefit in terms of overall survival and quality of life provided to the patient (Pepe Ribeiro de Souza C et al., 2015). DE has a wide range of clinical applications. The efficacy of DE has been demonstrated in several clinical studies for the prevention of venous thromboembolism (VTE) in patients undergoing total hip or knee replacement, for the prevention of stroke in patients with nonvalvular AF, and in treating acute VTE (Di Biase et al., 2014; Gombár et al., 2014; Diener et al., 2015; Ferner et al., 2016; Kim et al., 2016).
An existing meta-analysis was published in 2013 to compare the risk of bleeding and all-cause mortality of dabigatran with that of VKAs in a systematic review and meta-analysis of RCTs. But since 2014, many researchers have questioned the safety of dabigatran. Clinical trials have also demonstrated that the use of novel oral anticoagulants (NOACs) is associated with an increased risk of gastrointestinal (GI) bleeding compared with VKAs (Holster et al., 2013). A meta-analysis of randomized controlled trials (RCTs) additionally suggested that DE significantly increases the risk of GI bleeding compared with VKAs (relative risk (RR): 1.41, 95% confidence interval (CI): 1.28–1.55; p < 0.001) (Sipahi et al., 2014). However, another study confirmed that the risk of upper GI bleeding is lower with DE than with VKAs (Di Minno et al., 2017). Nevertheless, it is unclear whether dabigatran increases the risk of myocardial infarction and massive bleeding. It is argued that dabigatran may reduce the mortality and morbidity associated with VTE, but may also increase the risk of massive bleeding (Majeed et al., 2016; Di Minno et al., 2017; Polzin et al., 2018; Butt et al., 2020; Izcovich et al., 2020; Ma et al., 2020). The aim of this meta-analysis was to retrieve and assemble data from RCTs on the safety of patients receiving anticoagulant therapy with dabigatran.
2 MATERIALS AND METHODS
2.1 Search Strategy and Selection Criteria
The systematic review and meta-analysis were performed following the PRISMA guidelines and the Cochrane Handbook. We searched the literature published between January 2014 and July 2020 from ten databases, including PubMed, Web of Science, Cochrane Library, Medline, embase, Wanfang database, Clinical Trials, China National Knowledge Infrastructure (CNKI), Chinese Scientific Journal database (VIP), Chinese Biological Medicine database (CBM), and Clinical Trials (http://www.clinicaltrials.gov). We used the following search strings in all possible combinations: “dabigatran”, “dabigatran etexilate”, “DE”“anticoagulant”, “safety”, “venous embolism”, “venous thrombosis”, “NOACs”, and “DOACs”, without any language restrictions.
The studies that met the following inclusion criteria were considered in this study: 1) RCTs; 2) studies on research subjects aged 18 years or older who needed anticoagulant therapy; 3) studies where treatment with no other medicines, except dabigatran, in combination with conventional therapies in the experimental group was compared to conventional treatments as the control; 4) studies where one or more outcome measures, including severe/major bleeding, myocardial infarction, clinically relevant non-major bleeding, GI bleeding, and adverse events were included.
Studies with the following exclusion criteria were not considered: 1) studies that did not focus on dabigatran; 2) studies with inappropriate criteria in the experimental or control groups; For example, the trial design was not rigorous as, it includes the following six points: a) in terms of the selection of subjects (patients), the inclusion criteria and exclusion criteria in more than half of the clinical trial protocols were unscientific and not rigorous, and the diagnostic criteria of diseases, including the basic conditions of subjects, were not clearly described; b) for interventions, researchers often fail to scientifically and accurately set the drug selection and dosage, or lack unified standard operating procedures for surgical interventions in multi-center studies; c) attention should be paid to comparability and ethics in the control group. It usually was neglected in collecting and organizing informations; d) the researchers did not distinguish the primary end point from the secondary end point, and the endpoint indicators were set in confusion; e) statistical scheme is missing or incorrect; f) the training of test participants, the formulation and implementation of operation norms and guidelines, the follow-up management, the data management and quality control, the test supervision, and the standard record, report and treatment of adverse events and serious adverse events are not strictly managed; 3) studies where the experimental design was not rigorous, a control group was not designed, and the data were incomplete; 4) non-contrast articles, non-clinical studies, literature reviews, meta-analyses, meeting abstracts, case reports, repetitive studies, and studies on experimental models.
2.2 Data Extraction and Quality Assessment
The data were independently extracted by two reviewers (Z. Y. and Y. Z. H.) based on the same inclusion and exclusion criteria. Any disagreements were adjudicated by a third investigator (Z. L. J.). The following characteristics were extracted: 1) name of the first author; 2) year of publication; 3) number of cases; 4) ages of the patients; 5) basic characteristics of the patients; 6) intervening measures; 7) dosage of dabigatran; 8) duration of treatment; and 1) types of study parameters. The quality of the included trials was evaluated according to the Cochrane Handbook (Xue et al., 2019).
2.3 Definition of Outcomes
The primary safety outcomes of dabigatran as an anticoagulant were the incidence of major bleeding and clinically relevant non-major bleeding. The additional safety outcomes were GI bleeding, non-major bleeding, systemic embolism, and other adverse events. Major bleeding was defined on the basis of the criteria provided by the International Society on Thrombosis and Hemostasis (ISTH) (Schulman et al., 2005; Schulman et al., 2010). Clinically relevant non-major bleeding was defined by the need for hospitalization, medical or surgical interventions, a change, interruption, or discontinuation of the trial drug, and a composite of major or clinically relevant non-major bleeding (Diener et al., 2019). Other adverse events were defined as other mildly unpleasant medical events that occurred in patients receiving the experimental treatment (Calkins et al., 2017).
2.4 Statistical Analysis and Assessment of Risk of Bias
All the analyses were performed in the intention-to-treat population, unless otherwise specified. The statistical analyses were performed using Review Manager, version 5.3 (Cochrane Collaboration, Oxford, United Kingdom). As all the data obtained from the studies were comparisons of categorical data, the data were expressed as estimate RR and 95% CI. For the analyses, p < 0.05 was considered statistically significant (Di Minno et al., 2017). Heterogeneity among the studies was estimated using the Chi-square test and I2 tests. A random-effects model was used to pool the data when I2 > 50%, which is indicative of a high statistical heterogeneity, while a fixed-effects model was chosen when I2 ≤ 50% (Liang et al., 2018).
Publication bias was numerically examined by Begg’s and Egger’s tests, and the results are graphically represented by funnel plots of the standard difference in the mean vs. the standard error (Di Minno et al., 2017). The asymmetry of the funnel plot was visually assessed to addressing any possible small-study effects, in combination with Egger’s test to addressing the publication bias, over and above any subjective evaluation. p < 0.1 was considered to be statistically significant (Sterne et al., 2001). If publication bias existed, the pooled estimates of the potential unpublished studies in the meta-analysis were adjusted by the trim-and-fill method, which were compared with the original pooled Odds Ratio (OR) (Liang et al., 2018; Lin et al., 2018; Xue P, et al., 2019).
3 RESULTS
3.1 Results of Literature Search
A total of 2076 articles were initially selected by literature search. After reviewing the titles and abstracts, a total of 122 studies were found to be potentially relevant. After a careful review of the full texts, seven trials involving 10,743 participants were finally included for the analysis, according to the aforementioned inclusion and exclusion criteria (Figure 1). A total of 5,337, 2,695, 1,606, 168, 60, and 877 patients were randomized to receive dabigatran, aspirin, warfarin, enoxaparin, rivaroxaban, and the placebo, respectively.
[image: Figure 1]FIGURE 1 | Process of selection of studies for meta-analysis.
The assessment of the risk of bias is depicted in Figure 2. Five studies had a low risk of bias, as defined by the Cochrane tool for evaluating the risk of bias. Two studies were considered to have a high risk of bias owing to unclear randomization, methods for blinding, and allocation concealment.
[image: Figure 2]FIGURE 2 | Summary of risk of bias.
3.2 Patient Characteristics
The trials included in our study were performed in different medical centers across the world. The characteristics of the patients were found to be similar, without any significant differences. All the trials included in this study clearly stated the dosage of dabigatran. The majority of participants in three studies received 150 mg dabigatran twice daily (Schulman et al., 2014; Calkins et al., 2017; Diener et al., 2019). In two studies the patients received 110 mg dabigatran twice daily (Devereaux et al., 2018; Peetermans et al., 2018), while the dose of dabigatran in two other studies was 220 mg, once a day (Gombár et al., 2014; Özler et al., 2015). In all RCTs, the patients were predominantly men, with the exception of one patient (Özler et al., 2015), and the mean age of the patients ranged from 40 to 87 years. The duration of treatment and follow-up ranged from 7 to 990 days. In one study, the patients with coronary heart disease who were assigned to the dabigatran group, received aspirin for the treatment of coronary heart disease, while the patients in the control group (aspirin group) with coronary heart disease received aspirin plus placebo (Diener et al., 2019). In another study, the patients received 2 × 0.3 ml−1 enoxaparin during their stay in the hospital, and switch therapy with 1 × 10 mg rivaroxaban 1 × 0.4 ml−1 enoxaparin or 1 × 220 mg dabigatran (Özler et al., 2015). The major characteristics of the patients in the studies included herein are depicted in Table 1.
TABLE 1 | Study and patient characteristics of the seven trials comparing dabigatran with control group.
[image: Table 1]3.3 Safety Outcomes
The safety outcomes of the trials included were grouped into various subcategories in our study (Table 2).
TABLE 2 | Study and patient characteristics of the seven trials comparing dabigatran with control group.
[image: Table 2]3.3.1 Major Bleeding
All the studies reported the incidence of major bleeding based on the criteria provided by the ISTH (Gombár et al., 2014; Schulman et al., 2014; Özler et al., 2015; Calkins et al., 2017; Devereaux et al., 2018; Peetermans et al., 2018; Diener et al., 2019). Major bleeding occurred in 168 (3.1%) of the 5,358 patients receiving dabigatran and in 184 (3.4%) of the 5,366 patients in the control group (RR 0.86, 95% CI: 0.61 to 1.21, p = 0.06, I2 = 51%; Figure 3). The heterogeneity was high because the results reported in one trial (Calkins et al., 2017) were inconsistent with those of the other studies. Owing to the high heterogeneity, a random-effects model was used to analyze the rate of RR. The risk of major bleeding events did not increase or decrease in the patients who were randomized to dabigatran, compared to that of the patients randomized to the control groups.
[image: Figure 3]FIGURE 3 | Forest plot comparing the RR of major bleeding between the experimental (dabigatran) and control group (A). Control group, conventional treatments with other medications; experimental group, conventional treatments with dabigatran. Forest plot after heterogeneity was deleted (B).
3.3.2 Clinically Relevant Non-Major Bleeding
Five studies reported the incidence of direct and indirect clinically relevant non-major bleeding (Gombár et al., 2014; Schulman et al., 2014; Devereaux et al., 2018; Peetermans et al., 2018; Diener et al., 2019). In each group, the incidence of direct and indirect clinically relevant non-major bleeding in both group was 5.5%. The data showed that there was no difference in the risk of clinically relevant non-major bleeding among the 4,960 patients treated with dabigatran and the 4,968 patients who received other treatments (RR 0.96, 95% CI: 0.65 to 1.42, p = 0.0007, I2 = 79%; Figure 4). The results of analysis revealed that heterogeneity was derived from two studies, which differed possibly due to differences in the intervention measures of the control group (Schulman et al., 2014; Diener et al., 2019). The risk of clinically relevant non-major bleeding events did not increase or decrease in patients randomized to dabigatran, compared to that of the patients randomized to the control groups.
[image: Figure 4]FIGURE 4 | Forest plot comparing the RR of clinically relevant non-major bleeding between the experimental (dabigatran) and control groups.
3.3.3 Intracranial Hemorrhage
Analysis of four studies reporting the total number of patients experiencing intracranial hemorrhage revealed that the incidence of intracranial hemorrhage was 0.7% in the patients treated with dabigatran and 0.8% in the control groups, with a corresponding RR of 0.89 (95% CI: 0.58, 1.36, p = 0.41, I2 = 0%, Figure 5) (Schulman et al., 2014; Calkins et al., 2017; Devereaux et al., 2018; Diener et al., 2019).
[image: Figure 5]FIGURE 5 | Forest plot comparing the RR of intracranial hemorrhage between the experimental (dabigatran) and control groups.
3.3.4 Gastrointestinal Bleeding
Five trials assessed the risk of GI bleeding. The results demonstrated that the risk of GI bleeding in patients receiving dabigatran was consistently higher and statistically significant compared to that of the patients randomized to the control groups (RR 1.78, 95% CI: 1.02 to 3.13, p = 0.05, I2 = 58%, Figure 6) (Schulman et al., 2014; Calkins et al., 2017; Devereaux et al., 2018; Peetermans et al., 2018; Diener et al., 2019). The rate of GI bleeding was 2.4% in the dabigatran groups and 1.3% in the control groups.
[image: Figure 6]FIGURE 6 | Forest plot comparing the RR of GI bleeding between the experimental (dabigatran) and control groups.
3.3.5 Fatal Adverse Event
Fatal adverse events are a combination of life-threatening bleeding and fatal bleeding events (Table 2). The analysis of four studies revealed that treatment with dabigatran did not increase the risk of fatal adverse reactions (RR 0.87, 95% CI: 0.65 to 1.17, p = 0.66, I2 = 0%, Figure 7).
[image: Figure 7]FIGURE 7 | Forest plot comparing the RR of fatal bleeding events between the experimental (dabigatran) and control groups.
3.3.6 All-Cause Mortality
Three trials reported data regarding the all-cause mortality of dabigatran. The mortality in patients treated with dabigatran tended to be lower (RR 0.88, 95% CI: 0.70 to 1.11, p = 0.45, I2 = 0%, Figure 8).
[image: Figure 8]FIGURE 8 | Forest plot comparing the RR of all-cause mortality between the experimental (dabigatran) and control groups.
4 DISCUSSION
The safety of the novel oral anticoagulant dabigatran has been a topic of much discussion. Numerous clinical trials have been conducted to confirming the safety and efficacy of dabigatran. In this study, we aimed to compare the safety profile of the novel oral anticoagulant dabigatran, with that of a control substance. A meta-analysis was conducted with the data published in seven research articles, and the results demonstrated that treatment with dabigatran did not increase the risk of major bleeding and intracranial hemorrhage, and was associated with a decreased risk of clinically relevant non-major bleeding and fatal adverse events. However, these benefits came at the expense of an increased risk of GI bleeding. We also observed that the risk of all-cause mortality tended to be lower than that in the control groups; however, the results were not statistically significant.
In our study, four trials reported the incidence of intracranial hemorrhage, of which only two studies performed a comparative study with warfarin. We found that the risk of intracranial bleeding with dabigatran was lower than that following treatment with VKAs, and the difference was statistically significant. This is a major advantage with dabigatran, as intracranial hemorrhage is a risky and harmful complication (Connolly et al., 2009; Schulman et al., 2009; Bloom et al., 2014). This is beneficial for patients on long-term medication, and improves their quality of life.
We observed that the risk of fatal adverse events and all-cause mortality in patients receiving dabigatran were lower than those of the patients receiving placebo or aspirin. In the trial conducted by Diener and coworkers, one patient (0.02% per year) in the dabigatran group and six patients (1.4% per year) in the aspirin group experienced fatal bleeding and fatal hemorrhagic stroke, which were the primary end points of the study Hazard Ratio (HR) 1.19, 95% CI: 0.85–1.66) (Diener et al., 2019). They also observed that dabigatran is more effective than aspirin for preventing stroke in patients with embolic strokes of undetermined sources, owing to the lower incidence of embolism with dabigatran. The overall reduction in the all-cause mortality could be attributed to the reduced risk of all-cause mortality without any significant increase in the risk of major vascular complications.
Anticoagulant therapy invariably involves a trade-off between fewer thrombotic events and increased bleeding (Devereaux et al., 2018). DE can directly anchor and inhibit free and coagulated thrombin, and block thrombin induced platelet aggregation. Dabigatran oral bioavailability is low and absorption requires an acidic environment, which increases the burden of the GI tract and the risk of GI bleeding (Barton et al., 2012; Schleichert et al., 2016). The results of our study demonstrated an increase in GI bleeding with dabigatran, similar to the results of previous studies (Di Minno et al., 2017). The study (Devereaux et al., 2018) showed the predictable increase in minor and clinically non-significant lower gastrointestinal bleeding with dabigatran. However, another study (Di Minno et al., 2017) reported that dabigatran was consistently associated with a lower risk of upper GI bleeding compared with VKAs. Therefore, we hope that there will be more clinical studies to distinguish between upper GI bleeding and lower GI bleeding to determine the risk of dabigatran, so as to make the research data more accurate.
Our study has some potential limitations. Dabigatran was mainly excreted by kidney, 77% of which was excreted in urine. With the increase of age and the decline of renal function, the clearance time of dabigatran was prolonged. Studies (Barton, et al., 2012; Di Minno et al., 2017) have shown that age, hypertension, diabetes, and renal insufficiency directly affect the bleeding risk of dabigatran, and when combined with drugs, it will increase the incidence of adverse reactions. Therefore, whether dabigatran increases the risk of GI bleeding or other bleeding should be studied at different levels, such as patient's age, underlying diseases, drug interactions, dosage, and renal function (Oldgren et al., 2011; Mega, et al., 2012). In addition, there are some significant differences in clinical and demographic characteristics and dosages of patients enrolled in different studies. With the meta-regression approach we were able to adjust results for some, but not all potential confounders. A further potential source of bias is the difference in the basic treatment, either using placebo, warfarin, or other drugs, which leads to different adverse events in the control group. This may limit the reproducibility of our findings in the general population. However, as our analysis is based on a systematic search of all published studies, without any language restrictions, and through high-quality RCTs and extensive literature review, we are confident that the potential impact of this type of bias on our results will be minimized lowest.
5 CONCLUSION
The results of our large meta-analysis suggest that dabigatran and other anticoagulants have a similar or even lower risk of bleeding. However, due to the limited number of samples and the limited setting conditions, the security of dabigatan needs to be further studied. In anticoagulant therapy, because of the short half-life of dabigatran, the administration may be suspended or delayed according to the patient's bleeding condition. If major bleeding or fatal bleeding occurs, an anticoagulant reversal agent should be used urgently.
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Diener et al. (2019)
Dabigatran 150° 2,695 7712.9) 145(5.4) 32(12) 27(1.0) 39 14(0.52)
aspirin 2,695 64(2.4) 101(3.7) 32(1.2) 22(0.8) 51 23(0.85)
Devereaux et al.
2018)
Dabigatran 110° 877 29(3.3) 26(3.0) 4(0.46) 48(5.5) 1 100(11.4)
Placebo 877 31(3.6) 35(4.0) 3(0.34) 13(1.5) 10 110(12.5)
Peetermans et al
2018)
Dabigatran 110° 47 122) 4(8.5) NR 24.3) NR 10(21.3)
Enoxaparin a7 12.2) 4(8.5) NR 0 NR 9(19.2)
Calkins et al. (2017)
Dabigatran 150° 338 412) NR 0 10.3) NR 0
Warfarin 338 21(6.2) NR 2(0.6) 2(0.6) NR 0
Ozler (2015)
Dabigatran 60 1(1.7) NR NR NR NR NR
220%
Enoxaparin 60 1(1.7) NR NR NR NR NR
Rivaroxaban 60 0 NR NR NR NR NR
Schuiman et al
2014)
Dabigatran 150° 1,280 34(2.7) 64(5) 202) 48(3.8) 0 NR
Warfarin 1288 45(35) 102(7.9) 6(0.5) 33(2.6) 1(0.08) NR
Gombér et al. (2014)
Dabigatran 220° 61 22(36.1) 34(55.7) NR NR 22(36.1) NR
Enoxaparin 61 21(34.4) 29(47.5) NR NR 21(34.4) NR

umber of patients who had taken at least one dose of trial drug. UD, unable to determir

Note: Data are presented as No. of patients (%). : NR, not report.
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