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Background: Data on different direct oral anticoagulants (DOACs) in atrial fibrillation (AF) patients with renal impairment are insufficient. We aimed to perform pairwise and network meta-analysis comparing oral anticoagulants (OACs) in AF patients with renal impairment, including advanced chronic kidney disease (CKD) with creatinine clearance <30 mL/min.

Methods: PubMed, Embase, Cochrane Database, and references of related articles were searched up to April 2021. We included randomized trials and non-randomized studies using propensity-score or multivariable-model adjustments that compared clinical outcomes among OACs. Hazard ratios (HRs) for stroke or thromboembolism, major bleeding, and all-cause death were pooled using random-effects model.

Results: From 19 studies, 124,628 patients were included. In patients with AF and CKD, DOACs presented significantly lower risks of stroke or thromboembolism [HRpooled = 0.78, 95% confidence interval (CI) = 0.73–0.85, I2 = 16.6%] and major bleeding [HRpooled = 0.76 (0.64–0.89), I2 = 85.7%] when compared with warfarin, regardless of the severity of renal impairment. Results were consistent in advanced CKD patients for stroke or thromboembolism [HRpooled = 0.60 (0.43–0.85), I2 = 0.0%] and major bleeding [HRpooled = 0.74 (0.59–0.93), I2 = 30.4%]. In the network meta-analysis, edoxaban and apixaban presented the highest rank probability to reduce the risk of stroke or thromboembolism (edoxaban, P-score = 94.5%) and major bleeding (apixaban, P-score = 95.8%), respectively. Apixaban remained the safest OAC with the highest rank probability for major bleeding (P-score = 96.9%) in patients with advanced CKD.

Conclusion: DOACs, particularly apixaban and edoxaban, presented superior efficacy and safety than warfarin in AF patients with CKD. Apixaban was associated with the lowest risk of major bleeding among OACs for patients with advanced CKD.

Systematic Review Registration: [PROSPERO], identifier [CRD42021241718].
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INTRODUCTION

The presence of chronic kidney disease (CKD) increases both thromboembolic and bleeding risks in patients with atrial fibrillation (AF) (1–3), which makes anticoagulation therapy challenging in this patient group (3). Although the introduction of direct oral anticoagulants (DOACs) has led to safer oral anticoagulation (OAC) therapy in general (4, 5), there are areas of uncertainty in patients with AF and CKD. Notably, patients with advanced CKD [creatinine clearance (CrCl) <30 mL/min] have been excluded from the pivotal randomized controlled trials (RCTs), except for some patients on apixaban with CrCl of 25–30 mL/min (6–10). In addition, few studies have directly compared DOACs in patients with CKD (11, 12).

After publication of the practical guidelines on DOAC use in patients with CKD provided by the European Heart Rhythm Association (13), several observational studies have been published the comparing various OACs in patients with CKD (14–27). We thus aimed to evaluate the pooled efficacy and safety of DOACs compared with warfarin in AF patients with various stages of CKD, including advanced CKD with CrCl <30 mL/min. Second, we performed a network meta-analysis to comprehensively evaluate and rank different OAC strategies, including type of DOAC and warfarin, in patients with AF and CKD.



MATERIALS AND METHODS

A detailed description of the study methods is presented in the Supplementary Materials.


Data Sources and Search Strategies

We performed electronic searches of PubMed, Embase, Cochrane Central Register of Controlled Trials, and relevant websites, i.e., clinicaltrials.gov, clinicaltrialresults.com, tctmd.com, and esc365.escardio.org. We then searched conference proceedings from the American College of Cardiology, European Society of Cardiology, American Heart Association, and World Congress of Cardiology. We also performed a manual review of the reference lists of all included studies. References of recent narrative or systematic reviews, editorials, and meta-analyses were reviewed. We did not apply any restrictions on language, study period, or sample size. The last search was performed in November 2021.



Study Selection

We included studies that met the following criteria: (1) include patients with AF and CKD (defined by CrCl <60 ml/min) treated by OACs (warfarin or DOACs, including rivaroxaban, dabigatran, apixaban, or edoxaban) for the prevention of stroke or thromboembolic events; (2) clearly provide more than one of the outcomes of interest separately in CKD patients; (3) present comparative results of outcomes among two or more OACs as an extractable form. We did not apply any exclusion criteria regarding the estimation equation of glomerular filtration rate (GFR). However, we primarily incorporated studies using the Cockcroft-Gault formula, and results from other formulae [e.g., Modification of Diet in Renal Disease (MDRD) or Chronic Kidney Disease Epidemiology Collaboration (CKD-EPI)] were only used if we could not extract any result from Cockcroft-Gault formula. We excluded studies conducted on AF patients on dialysis [defined as an end-stage renal disease (ESRD)]. We also excluded single-arm studies or non-randomized controlled studies (NRSs) that did not provide comparative results adjusted for confounding factors by multivariable-regression or propensity score (PS)-based methods (i.e., PS matching or inverse probability of treatment weighting). NRSs that did not include age, sex, major cardiovascular risk factors, or components of the CHA2DS2-VASc score in the multivariable regression model were also excluded. Unpublished subgroup data of CKD patients from the study by Lee et al. (24) were added (data provided in the Supplementary Materials). Two investigators, T-M Rhee and S-R Lee, independently screened the titles and abstracts from the search results, identified duplicated search results, reviewed full articles, and determined the eligibility of candidate studies. Disagreements between investigators were resolved by discussion with the other authors, E-K Choi and GYH Lip.



Data Extraction and Quality Assessment

Summary data, as reported in the published articles, were used in the analysis. We used a standardized form to extract the comparative outcomes among OAC groups and detailed characteristics of each study. We assessed the quality of eligible studies using the Cochrane Risk-of-Bias tool for randomized trials (RoB 2) (28) for RCT and Risk Of Bias In Non-randomized Studies of Interventions (ROBINS-I) (29) for NRSs.



Study Outcomes and Definitions

The outcomes of interest in the present study were (1) stroke or thromboembolism, (2) major bleeding, and (3) all-cause death at the longest available follow-up. Stroke or thromboembolism included both ischemic or hemorrhagic stroke and systemic arterial thromboembolism confirmed clinically or radiologically. The definition of major bleeding varied slightly from study to study but was mostly consistent with the International Society on Thrombosis and Haemostasis (ISTH) major bleeding criteria.



Data Synthesis and Analysis

All results are presented according to the severity of renal impairment, i.e., all CKD with CrCl <60 mL/min, more than moderate CKD with CrCl <50 mL/min, and advanced CKD with CrCl <30 mL/min.

For pairwise direct comparisons for outcomes of interest between DOACs and warfarin, we established random-effects models and calculated pooled hazard ratios (HRs) with 95% confidence intervals (CIs) as summary statistics (30). Heterogeneity among studies was quantified using I2 statistics (30). Publication bias was assessed qualitatively using funnel plot asymmetry and quantitatively using Egger's and Begg's tests (30). To discriminate the significance of heterogeneity caused by including studies with different study types (RCT or NRS), various doses of DOAC (standard, reduced, or unspecified), and different GFR estimation equations (Cockcroft-Gault, MDRD, CKD-EPI, or unspecified), subgroup analyses were performed by (1) type of adjustment; (2) dose of DOAC; and (3) GFR estimation equation. The pooled HR and 95% CI in each subgroup was calculated and the heterogeneity was evaluated using I2 statistics.

For the network meta-analysis to compare outcomes across all the different OACs, we established a random-effects model based on a frequentist approach for multiple treatment comparisons (31). Pooled HRs and 95% CIs were presented as summary statistics and forest plots. A network league table summary was used to present all possible combinations of comparisons (32). The ranking of OACs from most to least beneficial for two outcomes, i.e., stroke or thromboembolism and major bleeding, was obtained by calculating P-scores from the frequentist treatment ranking method and simultaneously presented in the clustered ranking plot (33). Heterogeneity and inconsistency were evaluated by Q statistics, a network heat plot, and the network node-splitting method. Potential publication bias was assessed using a comparison-adjusted funnel plot and Egger's test (31, 32).

Two-sided p < 0.05 were considered statistically significant. We followed the Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) guideline (Supplementary Table 1) (34). The review protocol has been registered on the PROSPERO (CRD42021241718). Data were analyzed using Stata version 14.0 (StataCorp LP, College Station, Texas) and R version 4.0.4 (R Foundation for Statistical Computing, Vienna, Austria).




RESULTS


Search Results and Study Selection

We collected 2,410 articles and retrieved 30 studies for full-article review (Figure 1). Of these, 19 studies were included in the final analysis (6–10, 14–27). Five were subgroup analyses of previous RCTs (6–10). Direct comparisons between OACs were mostly conducted with warfarin as a reference group, while one study provided a direct comparison among DOACs (24). One study (14) did not report stroke or thromboembolism and 10 did not provide all-cause death (7, 14, 16, 17, 21–26).


[image: Figure 1]
FIGURE 1. Study flow. Flow of search and study selection are presented.




Characteristics of Included Trials

The period of study publications ranged from 2011 to 2020. Of the 14 NRSs, 10 used PS-based methods (PS matching or inverse probability of treatment weighting) (14–16, 21–27) and four used a multivariable regression model (Table 1 and Supplementary Table 2) (17–20). We incorporated 124,628 patients with AF and concomitant CKD (DOAC, n = 71,390; Warfarin, n = 53,238). The follow-up duration varied from 139 days to 5.5 years. The renal function of all pooled patients was CKD stage 3 or worse with CrCl <60 mL/min; five studies (6, 16, 17, 19, 25) provided outcomes for advanced CKD patients with CrCl <30 mL/min.


Table 1. Characteristics of studies selected for analysis.
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Assessment of Risk of Bias

The overall risk of bias was low for RCTs, except for one trial (8), which did not report a detailed randomization process. Although all NRSs had a moderate risk of bias due to their retrospective and observational nature, they showed low risk for most domains of bias (Supplementary Figure 1).



Pairwise Comparison of DOAC vs. Warfarin in AF Patients With CKD

In the pairwise meta-analysis with random-effects model (Figure 2 and Supplementary Figures 2–4), DOACs showed a significantly lower risk of stroke or thromboembolism [pooled HR = 0.78 (95% CI = 0.73–0.85), Heterogeneity I2 = 16.6%], major bleeding [pooled HR = 0.76 (95% CI = 0.64–0.89), I2 = 85.7%], and all-cause death [pooled HR = 0.83 (95% CI = 0.72–0.96), I2 = 81.2%] in the total CKD population when compared with warfarin. This was consistent, except for all-cause death, when pooling only RCTs and NRSs that used PS-based adjustment. Regardless of the severity of renal impairment, DOACs were significantly favored over warfarin for both stroke or thromboembolism and major bleeding.


[image: Figure 2]
FIGURE 2. Comparison of pooled treatment effects of oral anticoagulants on clinical outcomes in atrial fibrillation patients with concomitant chronic kidney disease. Pooled HR and 95% CI, I2 and P-value for heterogeneity are presented for stroke or thromboembolism, major bleeding, and all-cause death according to the severity of renal impairment. CI, confidence interval; CKD, chronic kidney disease; CrCl, creatinine clearance; DOAC, direct oral anticoagulant; HR, hazard ratio; NA, not applicable; PS, propensity-score; RCT, randomized controlled trial.


In advanced CKD with CrCl <30 mL/min, DOACs significantly lowered the risk of stroke or thromboembolism [pooled HR = 0.60 (95% CI = 0.43–0.85), I2 = 0.0%] and major bleeding [pooled HR = 0.74 (95% CI = 0.59–0.93), I2 = 30.4%] when compared with warfarin. Additionally, they showed a tendency to lower the risk of all-cause death [pooled HR = 0.81 (95% CI = 0.64–1.02), I2 = 20.1%]. There was no evidence of publication bias for any of the outcomes (Supplementary Figure 5).



Subgroup Analysis for Pairwise Meta-Analysis

The pairwise meta-analysis according to various subgroups was generally consistent with the main results (Figure 3 and Supplementary Figures 6–8). A similar trend was maintained in the RCTs, NRSs with PS-based adjustment, and NRSs with multivariable-model-based adjustment, while moderate heterogeneity in stroke or thromboembolism risk was observed among nine studies (15, 16, 21–27) that performed PS-based adjustment (I2 = 42.4%). A significant risk reduction for stroke or thromboembolism was still observed with a reduced dose of DOACs [pooled HR = 0.82 (95% CI = 0.69–0.98), I2 = 2.7%] when compared with warfarin. In the subgroups according to the GFR estimation equation, moderate heterogeneity was observed in studies using the Cockcroft-Gault (I2 = 39.7%) and MDRD equations (I2 = 42.4%), contrast to the studies using the CKD-EPI equation (I2 = 0.0%).


[image: Figure 3]
FIGURE 3. Subgroup analysis for stroke or thromboembolism and major bleeding. Subgroup analysis across various subgroups are presented. CKD-EPI, Chronic Kidney Disease Epidemiology Collaboration; GFR, glomerular filtration rate; MDRD, Modification of Diet in Renal Disease; CI, confidence interval; CKD, chronic kidney disease; CrCl, creatinine clearance; DOAC, direct oral anticoagulant; HR, hazard ratio; NA, not applicable; PS, propensity-score; RCT, randomized controlled trial.




Frequentist Network Meta-Analysis Comparing Efficacy and Safety of OACs for AF in Patients With CKD

In all CKD patients, all four DOACs showed significant risk reduction for stroke or thromboembolism with warfarin as a reference group (Figures 4A,B). Except dabigatran, all DOACs were significantly favored over warfarin in terms of major bleeding. Edoxaban showed a significantly lower risk of stroke or thromboembolism when compared with the other DOACs. For major bleeding, apixaban showed a significant benefit when compared with rivaroxaban and dabigatran, while dabigatran showed a significant increase of major bleeding risk when compared with all other DOACs (Table 2). A significant heterogeneity was observed for major bleeding (Heterogeneity Q = 70.92, P < 0.001), while there were possibilities of publication bias for both outcomes (Supplementary Figures 9, 10). In the advanced CKD group, (Figures 4C,D and Table 3) the risk of major bleeding was significantly lower in apixaban [pooled HR = 0.34 (95% CI = 0.14–0.83)] compared to warfarin.


[image: Figure 4]
FIGURE 4. Results of network meta-analysis comparing safety and efficacy of oral anticoagulants in all CKD and advanced CKD patients. Results of frequentist network meta-analysis for all CKD patients with CrCl <60 mL/min, (A) network plot (B) forest plot, and for advanced CKD patients with CrCl <30 mL/min, (C) network plot, and (D) forest plot, are presented. ref., reference; CI, confidence interval; CKD, chronic kidney disease; CrCl, creatinine clearance; DOAC, direct oral anticoagulant; HR, hazard ratio; NA, not applicable; PS, propensity-score; RCT, randomized controlled trial.



Table 2. League table summary of network meta-analysis for oral anticoagulants in patients with chronic kidney disease (CrCl <60 mL/min).
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Table 3. League table summary of network meta-analysis for oral anticoagulants in patients with advanced chronic kidney disease (CrCl <30 mL/min).
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Figure 5 illustrates the ranking probability of OACs for both outcomes by a clustered ranking plot. For the total CKD population, apixaban and edoxaban showed higher rank probabilities than other OACs for both stroke or thromboembolism (P-score for ranking probability, apixaban = 82.7% and edoxaban = 94.5%) and major bleeding (P-score, apixaban = 95.8% and edoxaban = 73.0%). Warfarin showed the lowest ranking probability (P-score for stroke or thromboembolism = 0.4% and for major bleeding = 10.8%). In the advanced CKD group, apixaban showed the highest rank for major bleeding (P-score = 96.9%), while it was the second-best strategy in terms of stroke prevention (P-score = 64.5%).


[image: Figure 5]
FIGURE 5. Clustered ranking plots of oral anticoagulants for stroke or thromboembolism and major bleeding. P-score based rankings of various oral anticoagulants for stroke or thromboembolism and major bleeding are plotted. (A) All CKD with CrCl <60 mL/min and (B) advanced CKD with CrCl <30 mL/min. CI, confidence interval; CKD, chronic kidney disease; CrCl, creatinine clearance; DOAC, direct oral anticoagulant; HR, hazard ratio; NA, not applicable; PS, propensity-score; RCT, randomized controlled trial.





DISCUSSION

By incorporating RCTs as well as high-quality NRS data, we performed a comprehensive meta-analysis on the anticoagulation in AF patients with renal impairment. Our major findings can be summarized as follows. First, DOACs were better OAC treatment options for AF patients with concomitant CKD when compared with warfarin. They showed significantly lower risks of stroke or thromboembolism and major bleeding, regardless of the severity of renal impairment. Second, apixaban and edoxaban presented higher ranks than the other DOACs in terms of stroke or thromboembolism and major bleeding in the total CKD population. Apixaban remained the best treatment option in advanced CKD patients, particularly to reduce the risk of major bleeding.


Optimal Anticoagulation Strategies in AF Patients With CKD

Although anticoagulant therapy in non-valvular AF lowers the risk of fatal stroke, bleeding, and mortality even for CKD patients (5, 35), starting OAC might be challenging in AF patients with CKD who are known to be associated with high risks of both thromboembolism and bleeding (3, 35–37). After the introduction of DOACs, a meta-analysis including pivotal RCTs showed consistent or accentuated clinical benefits of DOACs when compared with warfarin in this population (4).

In the present meta-analysis, we confirmed the superior safety and efficacy of DOACs compared with warfarin in all CKD patients with CrCl <60 mL/min, which was in line with previous evidence. Reduced mortality was also expected in the DOAC group. Our results may suggest that physicians should not compare DOACs vs. warfarin anymore; rather, they should consider which DOAC to use in AF patients with CKD.



Efficacy and Safety of DOACs in Advanced CKD Patients With CrCl <30 mL/min

Data on the relative efficacy and safety of OACs in patients with advanced non-end stage CKD (stage 4 or worse without renal replacement therapy with CrCl <30 mL/min) are highly limited, mainly because these patients were excluded from pivotal RCTs except for the ARISTOTLE trial which covered 269 patients with CrCl 25–30 mL/min (6). By incorporating data from the recent observational studies covering the advanced CKD population (16, 17, 19, 25, 27), we found that DOACs significantly reduced the risk of stroke or thromboembolism as well as that of major bleeding compared to warfarin even in this population.

The increase of the area under the curve (AUC) for the plasma concentration of DOACs is predictable to some extent, except for dabigatran (13). In contrast, warfarin has a significantly suboptimal time in the therapeutic range as renal function worsens (36). Along with the possibility of extensive drug–drug interactions of warfarin, this may explain the superiority of DOACs shown in patients with advanced CKD. Our results may be an important cornerstone that can emphasize the necessity of a large-scale randomized trial comparing the efficacy and safety of each DOAC in advanced CKD patients. Furthermore, investigation to determine the optimal dosing strategy of each DOAC in this population is warranted.



Comparison Among Different DOACs for AF Patients With CKD

Our network meta-analysis results showed that all four DOACs consistently showed significant risk reductions for stroke or thromboembolism and major bleeding compared with warfarin in AF patients with CKD, except dabigatran in terms of major bleeding. Among the DOACs, apixaban and edoxaban were ranked as the highest treatment recommendation. When compared with rivaroxaban and dabigatran, edoxaban showed significantly better efficacy in preventing stroke or thromboembolism, and apixaban significantly lowered the risk of major bleeding. Notably, dabigatran showed a risk of major bleeding similar to that of warfarin and thus showed significantly inferior results when compared with other DOACs. For patients with advanced CKD with CrCl <30 mL/min, we found that apixaban was the best DOAC treatment, especially in terms of reducing major bleeding risk. Although there is still a lack of evidence, these results are consistent with the consensus documented in current practical guidelines (13).

Differences in efficacy and safety according to DOAC types may be due to differences in the pharmacokinetic profiles of each DOAC. Apixaban has the lowest proportion of renal excretion; therefore, the AUC increase of plasma concentration is the most modest according to the decrease in renal function (13). The pharmacokinetic report from the ARISTOTLE substudy shows that the AUC of apixaban in the CrCl 25–30 mL/min patient group was similar to that of the group with CrCl 30–50 mL/min (6). The safety concern regarding high risk of major bleeding for dabigatran in CKD patients could also be explained by the excretion mostly dependent on the kidney. We found the best efficacy of edoxaban for the prevention of thromboembolism in the AF with CKD population. Further investigation is necessary for this novel finding. Better compliance of patients due to the once-daily regimen of edoxaban may have influenced the better outcomes, particularly in the observational study. The well-established dose reduction criteria of edoxaban may also explain the results of this study because the meticulous care of patients may have been possible in the edoxaban group.



Study Limitations

This study has several limitations. First, it was a study-level meta-analysis; therefore, it was impossible to consider individual patient-level confounders. In addition, bias due to unmeasured or inaccessible confounding factors from observational studies could not be completely excluded. Second, although inconsistency between direct and indirect evidence was not found, evidence through direct comparison between DOACs was relatively scant, and currently, there is no head-to-head randomized trial for DOACs. Third, we tried to minimize heterogeneity following the incorporation of NRSs, but a significant level of heterogeneity was still observed in terms of major bleeding and all-cause death, requiring attention in interpretation for these outcomes. Nevertheless, the meta-analysis of the advanced CKD group showed negligible heterogeneity for both stroke or thromboembolism and major bleeding; thus, we assume that the heterogeneity issue minimally affected the core results of the present study. Fourth, the efficacy and safety of DOACs in the patient group requiring dialysis due to ESRD were not covered in this study. Fifth, there were studies in which the dose of DOAC was not reported and in which the proportion of different types of DOACs used was not described. Considering the variable effects of off-label dosing (38, 39), this may have increased the possible heterogeneity of the overall study results. Finally, we could not properly address the comparative efficacy and safety of off-label dosing of DOACs in AF with CKD patients in this study, which needs to be elucidated in future studies.

In conclusion, in patients with AF and CKD, DOACs were safer and more effective than warfarin regardless of severity of renal impairment. Among DOACs, apixaban and edoxaban presented higher rank probabilities compared to other DOACs as well as warfarin for both stroke prevention and a reduced risk of major bleeding. For advanced CKD patients with CrCl <30 mL/min, apixaban should be the first choice, especially in terms of safety.
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