[image: image1]Plasma Rivaroxaban Level in Patients With Early Stages of Chronic Kidney Disease—Relationships With Renal Function and Clinical Events

		ORIGINAL RESEARCH
published: 17 May 2022
doi: 10.3389/fphar.2022.888660


[image: image2]
Plasma Rivaroxaban Level in Patients With Early Stages of Chronic Kidney Disease—Relationships With Renal Function and Clinical Events
Chun-Fung Sin1, Ka-Ping Wong1, Hoi-Man Wong1, Chung-Wah Siu2 and Desmond Y. H. Yap3*
1Department of Pathology, Queen Mary Hospital, The University of Hong Kong, Hong Kong, Hong Kong SAR, China
2Division of Cardiology, Department of Medicine, Queen Mary Hospital, The University of Hong Kong, Hong Kong, Hong Kong SAR, China
3Division of Nephrology, Department of Medicine, Queen Mary Hospital, The University of Hong Kong, Hong Kong, Hong Kong SAR, China
Edited by:
Emanuel Raschi, University of Bologna, Italy
Reviewed by:
Alessandro Squizzato, University of Insubria, Italy
Benilde Cosmi, Università di Bologna, Italy
* Correspondence: Desmond Y. H. Yap, desmondy@hku.hku
Specialty section: This article was submitted to Cardiovascular and Smooth Muscle Pharmacology, a section of the journal Frontiers in Pharmacology
Received: 03 March 2022
Accepted: 02 May 2022
Published: 17 May 2022
Citation: Sin C-F, Wong K-P, Wong H-M, Siu C-W and Yap DYH (2022) Plasma Rivaroxaban Level in Patients With Early Stages of Chronic Kidney Disease—Relationships With Renal Function and Clinical Events. Front. Pharmacol. 13:888660. doi: 10.3389/fphar.2022.888660

Introduction Drug accumulation of rivaroxaban is a concern in patients with chronic kidney disease (CKD). Data regarding the plasma rivaroxaban levels in early CKD patients and its relationship with clinical events is lacking. Methods Early CKD patients (Stage 1–3) with atrial fibrillation who received rivaroxaban (15 or 20 mg daily) were recruited. Plasma rivaroxaban levels were measured at 2 hours (peak) and 24 hours (trough) after drug administration, and correlated with eGFR and clinically significant events during the follow-up period (1 January 2018 to 31 October 2021). Results Ninety-two patients were included (CKD stage 1 n=10, stage 2 n=53, stage 3 n=29). Plasma trough levels in patients with stage 3 CKD were significantly higher than those with stage 2 and 1 CKD (66.0±34.9 ng/ml vs. 35.7 ± 24.7 ng/ml vs. 34.7 ± 26.2 ng/ml, respectively, p=0.005), and showed inverse relationship with eGFR (r=0.391, p=0.001) in patients receiving 20 mg daily. The plasma trough rivaroxaban level correlated with PT and APTT (r = 0.650 and 0.44, respectively, p<0.001 for both). Plasma trough rivaroxaban level in those with bleeding were higher than those who did not (59.9 ± 35.6 ng/ml vs. 41.1 ± 29.2 ng/ml, p=0.011), and multivariate analysis suggested that plasma trough rivaroxaban level was associated with the rate of bleeding complications (OR: 1.020, 95% CI 1.002-1.038, p=0.028). Conclusion Plasma trough rivaroxaban levels correlated with renal function in early CKD patients, and its measurement may help dosage optimization in patients with renal impairment. Moreover, our data suggests that there may be an association between plasma trough rivaroxaban level and the rate of bleeding complication
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INTRODUCTION
Atrial fibrillation (AF) is an important risk factor for ischaemic stroke and transient ischaemic attack. Anticoagulants are essential for the prophylaxis of stroke in patients with AF and direct oral anticoagulants (DOACs) are increasingly popular in this clinical context. Rivaroxaban is a direct Xa inhibitor that exhibit comparable clinical efficacy for stroke prevention as warfarin (Patel et al., 2011; Blumer et al., 2021), and results from the ROCKET-AF trial showed that rivaroxaban was associated with lower risk of fatal bleeding compared with warfarin (Patel et al., 2011).
Renal excretion constitutes 36% of drug elimination of rivaroxaban, and hence its use in patients with chronic kidney disease (CKD) can be challenging and previous clinical trials of rivaroxaban have also excluded patients with creatinine clearance (CrCl) < 30 ml/min (Chan et al., 2016). Although pharmacokinetic studies have demonstrated rivaroxaban accumulation in patients with renal impairment who received a dose of 10 mg daily (Kubitza et al., 2010), previous studies have shown conflicting results regarding the risk of bleeding in patients with renal impairment (Mao et al., 2014; Weir et al., 2020; Wetmore et al., 2020; Ashton et al., 2021; Atarashi et al., 2021). Chromogenic assay of anti-Xa activity is one of the methods for measuring plasma rivaroxaban level, (Conway et al., 2017), and has emerged as a useful means to optimize the dosage and minimize side effects. Previous studies have reported that the peak and trough rivaroxaban levels can vary considerably among individuals receiving rivaroxaban (Douxfils et al., 2018; Lin et al., 2019). While rivaroxaban accumulation is an important concern in patients with renal impairment, there is limited data regarding the relationship between plasma rivaroxaban level and renal function in a real-world situation. It is also recognized that the thrombotic and bleeding tendency varies with ethnicities, for instance Asians showed higher anticoagulant-related intracranial haemorrhage compared with Caucasians (Shen et al., 2007; Wong et al., 2014). In this context, the relationship between the plasma rivaroxaban level and bleeding complications in Chinese patients with early stages of chronic kidney disease (CKD) have not been studied. The primary objective of this study was to investigate the relationships between plasma rivaroxaban levels and renal dysfunction in patients with early stages of CKD. Other exploratory outcomes include the potential relationship between plasma rivaroxaban levels and the rates of thromboembolic and haemorrhagic events in Chinese patients with early CKD.
METHODS
Patients and Retrieval of Clinical Data
This prospective study was approved by Institutional Review Board of the University of Hong Kong/Hospital Authority Hong Kong West Cluster (IRB HKU/HAHKWC) (Reference number: UW 22-086). Patients with history AF receiving a stable dose of rivaroxaban were recruited from the outpatient clinics at the Department of Medicine, Queen Mary Hospital of Hong Kong. All patients provided written consent. Rivaroxaban was prescribed at dosages of 20 mg daily or 15 mg daily, according to the renal function or assessment of patients’ medical conditions by the attending physician. In general, patients with CrCl≤50 ml/min (as determined by the CKD-EPI equation) at the time of stating rivaroxaban were prescribed a reduced dose of 15 mg daily. Patients with non-Chinese ethnic origin and poor drug compliance (defined by less than 90% of compliance) were excluded from the study. At study enrollment, data on patient demographics, medical comorbidities, liver and renal biochemistry, clotting profiles were collected. The drug compliance to rivaroxaban treatment by pill-counting during outpatient clinic follow up was documented in the medical records. Patients were followed at the medical outpatient clinics every 8–12 weeks, depending on clinical situation. Dosages of rivaroxaban, concomitant medications, renal function (serum creatinine, estimated GFR by MDRD equation) and clinically significant events (i.e., thromboembolic events or bleeding complications) were documented in medical record during each follow-up. Severity of chronic kidney disease was classified according to Kidney Disease: Improving Global Outcomes (KDIGO) classification (Levey et al., 2005). As the clinicians have chosen the dosage according to the eGFR values provided by our hospital laboratory (calculated by MDRD), we have also analysed our data using CrCl estimated by the Cockroft-Gault (CG) equation to ensure consistency of our results. ISTH definition of major and minor bleeding was used. Briefly, major bleeding was defined as Hb level below 8 g/dl or drop of Hb more than 2 g/dl from baseline, limb threatening or life-threatening bleeding. All other bleeding episodes were defined as minor bleeding (Kaatz et al., 2015). Thromboembolic events were defined as clinical evidence of transient ischaemic attached (TIA) or stroke, as well as radiological evidence of new onset cerebrovascular accident (CVA) or venous thromboembolism. Clinically significant bleeding and thromboembolic complications were adjudicated independently by investigators who were unaware of the levels of rivaroxaban. Clinical data were first retrieved from the electronic health systems (ePR of the Hong Kong Hospital Authority) and verified by review of patient case records. The follow-up period of recurrent ischaemic/thromboembolic events and bleeding complications was 1 January 2018 to 31 October 2021.
Blood Sampling and Processing
To ensure a stable plasma rivaroxaban concentration, blood samples were measured in patients after receiving rivaroxaban for at least a week (more than five half-life). The peak level was collected after 2 h of rivaroxaban administration and the trough level was taken 24 h after last dose of rivaroxaban. Blood samples were taken by vacuum plastic tubes containing 3.2% trisodium citrate, followed by centrifugation at 3,750 rpm for 10 min. Platelet poor plasma were separated and stored at or below −70°C for future use.
Measurement of Plasma Rivaroxaban Level and Coagulation Parameters
Plasma rivaroxaban level was measured by BIOPHEN DiXal kit (Hyphen BioMed, France) in Sysmex CS5100 analyzer according to the manufacturer’s instructions. The assay utilized chromogenic anti-Xa assay specifically calibrated for rivaroxaban and plasma rivaroxaban level was expressed as unit ng/ml. Rivaroxaban level measurement was performed after the value obtained by quality control materials fell within specific ranges provided by manufacturers. Coagulation screening tests namely [prothrombin time (PT) and activated partial thromboplastin time (APTT)] were performed in Sysmex CS5100 analyzer. The reagents used for PT and APTT measurements were Thromorel S Reagent and Actin FSL Activated PTT Reagent respectively (both manufactured by Siemens).
Data Analysis and Statistical Analysis
Continuous variables were expressed as mean ± S.D. or median (range) as appropriate. The differences in continuous variables between groups were assessed by using one-way ANOVA (for parametric test) or independent-samples Kruskal–Wallis test (for non-parametric test). Categorical variables were expressed as frequencies and percentages, and they were analyzed by chi-square test or Fisher’s exact test where appropriate. Pearson correlation was used to determine the relationship between plasma rivaroxaban level with PT and APTT. Linear regression was used to examine the relationship between plasma rivaroxaban level and other clinical parameters. Logistic regression was used to determine the relationship between rate of bleeding complications, recurrent ischaemic/thromboembolic events and plasma rivaroxaban level as well as other clinical parameters including dosage, age, eGFR, presence of DM, hypertension, history of ischaemic stroke and ischaemic heart disease. Univariate regression analysis was performed first to evaluate the relationship between individual parameters, followed by multivariate analysis.
The primary outcome was defined as the relationship between plasma rivaroxaban level and renal function. The secondary outcome was the association between plasma rivaroxaban level and clinically significant events. In order to establish a correlation (r = -0.3) between plasma rivaroxaban level and eGFR, a sample size of 85 will achieve a 80% power at a 95% confidence interval (95% CI). Based on previous studies that reported a 21% event rate for all major and non-major bleeding (Wong et al., 2014), a sample size of 150 patients will achieve 80% power to determine the relationship between plasma rivaroxaban level and bleeding events by univariate logistic regression at a 95% CI.
All statistical analysis was performed by using IBM SPSS software version 27 and p-values of less than 0.05 were considered statistically significant.
RESULTS
Patient Characteristics
A total of 92 Chinese patients (CKD stage 1 n = 10, stage 2 n = 53 and stage 3 n = 29) were recruited into the study (Table 1). The primary indication of rivaroxaban was AF. Sixty-eight patients (73.9%) received a dose of 20 mg daily and 24 patients (26.1%) received a dose of 15 mg daily. All recruited patients showed good drug compliance (i.e., > 90% compliance by pill-counting). The time taken from starting rivaroxaban to blood taking for plasma rivaroxaban level was at least 1 month apart, with a median time period of 13 months (range: 1–32 months). Patients receiving rivaroxaban 15 mg daily were older and showed higher CHADS2 score, lower eGFR and higher incidence of hypertension compared with those taking rivaroxaban 20 mg daily (p < 0.05 for all). Twenty-four patients received rivaroxaban 15 mg daily. Dosage in these patients was reduced because of patient’s clinical condition (18 related to impaired renal function and six because of mild bleeding symptoms at the time of rivaroxaban initiation). When CrCl were estimated by the CG equation, 22 out of 68 patients (32.4%) who received rivaroxaban 20 mg daily should in fact receive 15 mg daily instead. Diabetes nephropathy and hypertensive nephropathy were the commonest causes of renal impairment for our patients (79.3% in total).
TABLE 1 | Baseline characteristics of patients receiving rivaroxaban 15 and 20 mg daily.
[image: Table 1]Relationship Between Plasma Rivaroxaban Level and Dosage
Despite receiving a lower dose of rivaroxaban, patients receiving 15 mg daily showed a significantly higher plasma trough level when compared with those patients taking 20 mg daily (60.4 ± 35.8 ng/ml vs. 41.8 ± 29.6 ng/ml, p = 0.014) (Table 2). The peak rivaroxaban level was also numerically higher in those receiving 15 mg daily compared with those taking 20 mg daily, although statistical significance was not reached (318.1 ± 127.1 ng/ml vs. 272.6 ± 119.9 ng/ml, p = 0.126).
TABLE 2 | Peak and trough rivaroxaban level in patients receiving different dosage of rivaroxaban.
[image: Table 2]Association Between Plasma Rivaroxaban Level and Renal Function
For patients taking rivaroxaban 20 mg daily, the plasma trough level was inversely correlated with eGFR (r = 0.391, p = 0.001) (Figure 1A). Plasma trough levels in patients with stage 3 CKD were significantly higher than those with stage 2 and 1 CKD (66.0 ± 34.9 ng/ml vs. 35.7 ± 24.7 ng/ml vs. 34.7 ± 26.2 ng/ml, respectively, p = 0.005) (Figure 1B). However, there was no significant correlation between plasma peak level and eGFR (r = -0.087, p = 0.485) (Figure 2A). The plasma peak level was numerically higher in those patients with CKD stage 3 when compared with stage 2 and stage 1, although not reaching statistical significance (330.8 ± 116.1 ng/ml vs. 250.5 ± 118.1 ng/ml and 291.8 ± 114.7 ng/ml in patients with stage 3, 2 and 1 CKD respectively, p = 0.098) (Figure 2B).
[image: Figure 1]FIGURE 1 | Relationship between plasma trough rivaroxaban level and (A) eGFR and (B) stage of CKD in patients receiving rivaroxaban 20 mg once daily.
[image: Figure 2]FIGURE 2 | Relationship between peak plasma rivaroxaban level and (A) eGFR and (B) stage of CKD in patients receiving rivaroxaban 20 mg once daily.
For patients receiving rivaroxaban 15 mg daily, there was no correlation between the plasma peak level and eGFR (r = -0.014, p > 0.1) (Figure 3A), and the plasma peak levels also showed no difference between patients with different stages of CKD (Figure 3B). The plasma trough level showed a trend of inverse correlation with eGFR though statistically not significant (r = -0.402, p = 0.051) (Figure 4A), and the trough plasma rivaroxaban levels were also numerically higher in patients with CKD stage 3 when compared with stage 2 (68.4 ± 38.5 ng/ml vs. 47.0 ± 27.6 ng/ml, p > 0.05) (Figure 4B).
[image: Figure 3]FIGURE 3 | Relationship between peak plasma rivaroxaban level and (A) eGFR and (B) stage of CKD in patients receiving rivaroxaban 15 mg once daily.
[image: Figure 4]FIGURE 4 | Relationship between trough plasma rivaroxaban level and (A) eGFR and (B) stage of CKD in patients receiving rivaroxaban 15 mg once daily.
Relationship Between Plasma Rivaroxaban Level and Clotting Parameters
The plasma trough rivaroxaban level showed a positive correlation with PT (r = 0.646, p < 0.001) and APTT (r = 0.437, p < 0.001) (Figures 5A,B), while the peak level showed no relationship with both PT (r = 0.111, p = 0.301) and APTT (r = 0.028, p = 0.795) (Figures 6A,B).
[image: Figure 5]FIGURE 5 | Relationship between plasma trough rivaroxaban level and (A) prothrombin time (PT) and (B) activated partial thromboplastin time (APTT).
[image: Figure 6]FIGURE 6 | Relationship between plasma peak rivaroxaban level and (A) prothrombin time (PT) and (B) activated partial thromboplastin time (APTT).
Relationship Between Plasma Rivaroxaban Level and Clinically Significant Events
The median follow-up period was 36.1 months (range: 1–45 months). There was a total of 27 episodes of bleeding complications (annual rate of 7.7%) and five episodes of recurrent ischaemic/thromboembolic events (annual rate of 1.3%) during the entire follow-up period (Table 3). The median time from blood sample for plasma rivaroxaban level to occurrence of clinical events was 399.5 days (range: 24-950 days). The plasma trough rivaroxaban level showed a positive correlation with the rate of bleeding complications [odds ratio (OR): 1.018, 95% CI 1.004–1.033, p = 0.014] but not the rate of recurrent ischaemia/thromboembolic event (OR 0.976, 95% CI 0.935–1.018, p = 0.257) upon univariate regression analysis. Multi-variate regression analysis further demonstrated that plasma trough rivaroxaban level was positively associated with the rate of bleeding complications after adjustment for eGFR, age, dosage, history of DM, hypertension, ischaemic heart disease and ischaemic stroke (OR: 1.020, 95% CI 1.002–1.038, p = 0.028). Patients who developed bleeding complications also showed to have a significantly higher plasma trough rivaroxaban level than those who did not (59.9 ± 35.6 ng/ml vs. 41.1 ± 29.2 ng/ml, p = 0.011) (Table 4).
TABLE 3 | Rate of clinically significant events in patients of different stages of CKD.
[image: Table 3]TABLE 4 | Mean peak and trough plasma rivaroxaban level in patients with or without bleeding events and recurrent ischaemic/thromboembolic events.
[image: Table 4]The peak plasma rivaroxaban level did not show any relationship with the rate of recurrent ischaemic/thromboembolic events and bleeding complications (p > 0.05 for both). Nevertheless, patients with recurrent ischaemic/thromboembolic events showed lower peak (230.0 ± 120.0 ng/ml vs. 287.6 ± 123.2 ng/ml, p = 0.336) and trough plasma rivaroxaban levels (30.3 ± 14.8 ng/ml vs. 47.6 ± 32.7 ng/ml, p = 0.348) compared with those who did not. The plasma peak rivaroxaban levels were similar in patients with or without bleeding complications (278.2 ± 122.8 ng/ml vs. 286.9 ± 123.6 ng/ml respectively, p = 1.00) (Table 4).
DISCUSSION
Rivaroxaban is licensed in patients with non-valvular AF whose CrCl are >15 ml/min (Jain and Reilly, 2019), and therefore a substantial number of patients receiving rivaroxaban worldwide have early stages of CKD. The use of rivaroxaban in CKD patients, despite dosage reduction, can be challenging as renal clearance accounts for approximately 36% of drug elimination. Here we observed an inverse relationship between the plasma trough level and eGFR in patients receiving rivaroxaban 20 mg daily. In the real clinical setting, patients with lower eGFR are often prescribed rivaroxaban 15 mg daily instead of 20 mg daily. In this cohort, 54.2% of patients who received rivaroxaban 15 mg daily had eGFR more than 50 ml/min but their eGFRs were significantly lower than the 20 mg group. Although our data showed 22 out of 68 patients (32.4%) who receiving 20 mg daily should take a reduced dose of 15 mg daily instead by calculating eGFR by Cockcroft-Gault formula, our present data suggests that despite receiving a lower dosage, patients who take 15 mg daily show statistically higher trough level than those taking 20 mg daily. The mean peak level was also numerically higher in the 15 mg group compared with the 20 mg group. These findings highlight the impact of renal impairment on drug accumulation and exposure of rivaroxaban. In this study, the plasma trough level of patients receiving rivaroxaban 20 mg daily was inversely correlated with eGFR and the levels in patients with stage 3 CKD were significantly higher than those with earlier stages of CKD. Such association was less obvious for peak drugs levels and those receiving rivaroxaban 15 mg daily. Compared with peak drug level, trough drug levels are more affected by renal impairment because of drug accumulation (Turpie et al., 2017). Rivaroxaban prescribed as fixed dose with adjustment of dosage according to renal function and routine measurement of plasma rivaroxaban level is not a standard practice currently (Douxfils et al., 2018), but such practice may be more worthwhile in certain patient subgroups such as those with CKD. In a Japanese study, the peak anti-Xa level of patients with severe renal impairment (CrCl 15-29 ml/min) was significantly higher than that of moderate renal impairment (CrCl 30-49 ml/min) (Tobe et al., 2020). Another Caucasian study reported that the plasma rivaroxaban level was positively correlated with worsening eGFR (Seiffge et al., 2018). Our results suggest that therapeutic drug monitoring of rivaroxaban may help optimize dosage in CKD patients. In this context, the trough level appears to show better correlation with kidney function than the peak level. Another advantage of measuring trough level is patient convenience because this can be measured along with other fasting blood samples.
Our data also demonstrated that plasma trough rivaroxaban level correlated with PT and APTT. This is of clinical relevance because measurement of plasma rivaroxaban concentration is expensive and often not routinely available in many clinical laboratories (Sarode, 2019). Therefore, our observations suggest that common clotting parameters such as PT and APTT can be useful surrogates to alert clinicians of patients with excessive rivaroxaban exposure and streamline the application of rivaroxaban level monitoring. Recommendations had been made on the utility of PT and APTT in excluding the presence of supra-therapeutic level of rivaroxaban (Conway et al., 2017; Douxfils et al., 2018). However, one should appreciate that the degree of PT prolongation depended on the reagent used (Conway et al., 2017; Sarode, 2019), and thus PT should not be used to substitute direct quantitation of plasma rivaroxaban level. Similarly, the sensitivity and response of APTT at different plasma concentration of rivaroxaban are reagent-dependent and hence APTT should not replace therapeutic drug monitoring of rivaroxaban (Conway et al., 2017). The correlation between trough but not peak levels of rivaroxaban, PT and APPT may be explained by the relatively small sample size in this study. Other possible explanations for such observation includes the curvilinear relationship between rivaroxaban levels and PT and APTT at a high plasma rivaroxaban level as demonstrated by other investigators (Dale et al., 2014; Siegal and Konkle, 2014). Therefore, the plasma peak rivaroxaban level did not show significant correlation with PT and APTT from our study.
Our data suggests that there may be an association between plasma trough rivaroxaban level and the rate of bleeding complication, and that patients who developed bleeding complications in this cohort appeared to have higher trough rivaroxaban levels than those who did not. Indeed, risk of haemorrhage due to accumulation of rivaroxaban in plasma is a valid concern in Chinese CKD patients, as various studies have reported a higher bleeding risk in Chinese compared with Caucasians (Shen et al., 2007; Tsai et al., 2013; Wong et al., 2014). The risk of bleeding may also be further exacerbated by long-standing hypertension and platelet dysfunction which are often present in CKD patients. The relationship between rivaroxaban levels and bleeding is intriguing. Several Caucasian studies demonstrated the relationship between plasma DOAC level and risk of haemorrhagic complications. Bernier et al. showed that risk of bleeding complications was associated with higher than the expected range of rivaroxaban level obtained from clinical trials (Bernier et al., 2020). Sennesael, A.L. et al. had demonstrated that patients with major bleeding had a high DOAC level at the time of presentation (Sennesael et al., 2018). Testa et al. showed elevated plasma peak DOAC level was associated with increased bleeding risk (Testa et al., 2019). Here we did not observe any relationship between plasma rivaroxaban level and the occurrence of recurrent ischaemic/thromboembolic events, although these patients tend to show numerically lower drug levels than those who did not. This is not surprising as many other vascular risk factors such as diabetes, hypertension, dyslipidaemia and aberrant vascular anatomy also plays important roles in the pathogenesis of recurrent ischaemic/thromboembolic events.
Limitations of this study include the relatively small sample size and all patients are of Chinese ethnic origin. Furthermore, the wide ranges of time between measurement of blood rivaroxaban, the time of initiation of rivaroxaban and the occurrence of clinically significantly events render a definite conclusion on blood rivaroxaban levels and clinical events difficult. Moreover, patients with advanced CKD were excluded from this study and the overall event rates were low. Another shortcoming is that the plasma rivaroxaban levels were measured as part of the routine blood monitoring during stable disease but not exactly at the time of clinically significant events. Nevertheless, our study provides important clinical data regarding the drug exposure of rivaroxaban in early CKD patients who have increased susceptibility to drug accumulation and thus its side effects. Larger prospective studies that evaluate the full pharmacokinetics profile of rivaroxaban in CKD patients and its relationships with treatment efficacy and adverse events will help define dosages in patients with renal insufficiency.
DATA AVAILABILITY STATEMENT
The original contributions presented in the study are included in the article/Supplementary Material, further inquiries can be directed to the corresponding author.
ETHICS STATEMENT
The studies involving human participants were reviewed and approved by the Institutional Review Board of the University of Hong Kong/Hospital Authority Hong Kong West Cluster. The patients/participants provided their written informed consent to participate in this study.
AUTHOR CONTRIBUTIONS
DY organized, designed the study and reviewed patient’s data. C-FS organized the study, reviewed patient’s data and performed data analysis. Both DY and C-FS wrote the manuscript. K-PW reviewed patient’s data and performed data analysis. H-MW conducted the laboratory test for the study. C-WS recruited patients for study and organized the study. All authors had reviewed and commented on the manuscript.
FUNDING
DY received donations from Wai Im Charitable Foundation, Chan Sui Kau Family Benefits and Charitable Foundation and KM Siu. The donors have role in the study design, analysis and manuscript preparations.
PUBLISHER’S NOTE
All claims expressed in this article are solely those of the authors and do not necessarily represent those of their affiliated organizations, or those of the publisher, the editors and the reviewers. Any product that may be evaluated in this article, or claim that may be made by its manufacturer, is not guaranteed or endorsed by the publisher.
REFERENCES
 Ashton, V., Kerolus-Georgi, S., and Moore, K. T. (2021). The Pharmacology, Efficacy, and Safety of Rivaroxaban in Renally Impaired Patient Populations. J. Clin. Pharmacol. 61 (8), 1010–1026. doi:10.1002/jcph.1838
 Atarashi, H., Uchiyama, S., Inoue, H., Kitazono, T., Yamashita, T., Shimizu, W., et al. (2021). Ischemic Stroke, Hemorrhage, and Mortality in Patients with Non-valvular Atrial Fibrillation and Renal Dysfunction Treated with Rivaroxaban: Sub-analysis of the EXPAND Study. Heart Vessels 36 (9), 1410–1420. doi:10.1007/s00380-021-01810-5
 Bernier, M., Lancrerot, S. L., Parassol, N., Lavrut, T., Viotti, J., Rocher, F., et al. (2020). Therapeutic Drug Monitoring of Direct Oral Anticoagulants May Increase Their Benefit-Risk Ratio. J. Cardiovasc Pharmacol. 76 (4), 472–477. doi:10.1097/FJC.0000000000000870
 Blumer, V., Rivera, M., Corbalán, R., Becker, R. C., Berkowitz, S. D., Breithardt, G., et al. (2021). Rivaroxaban versus Warfarin in Patients with Atrial Fibrillation Enrolled in Latin America: Insights from ROCKET AF. Am. Heart J. 236, 4–12. doi:10.1016/j.ahj.2021.02.004
 Chan, K. E., Giugliano, R. P., Patel, M. R., Abramson, S., Jardine, M., Zhao, S., et al. (2016). Nonvitamin K Anticoagulant Agents in Patients with Advanced Chronic Kidney Disease or on Dialysis with AF. J. Am. Coll. Cardiol. 67 (24), 2888–2899. doi:10.1016/j.jacc.2016.02.082
 Conway, S. E., Hwang, A. Y., Ponte, C. D., and Gums, J. G. (2017). Laboratory and Clinical Monitoring of Direct Acting Oral Anticoagulants: What Clinicians Need to Know. Pharmacotherapy 37 (2), 236–248. doi:10.1002/phar.1884
 Dale, B. J., Ginsberg, J. S., Johnston, M., Hirsh, J., Weitz, J. I., and Eikelboom, J. W. (2014). Comparison of the Effects of Apixaban and Rivaroxaban on Prothrombin and Activated Partial Thromboplastin Times Using Various Reagents. J. Thromb. Haemost. 12 (11), 1810–1815. doi:10.1111/jth.12720
 Douxfils, J., Ageno, W., Samama, C. M., Lessire, S., Ten Cate, H., Verhamme, P., et al. (2018). Laboratory Testing in Patients Treated with Direct Oral Anticoagulants: a Practical Guide for Clinicians. J. Thromb. Haemost. 16 (2), 209–219. doi:10.1111/jth.13912
 Jain, N., and Reilly, R. F. (2019). Clinical Pharmacology of Oral Anticoagulants in Patients with Kidney Disease. Clin. J. Am. Soc. Nephrol. 14 (2), 278–287. doi:10.2215/CJN.02170218
 Kaatz, S., Ahmad, D., Spyropoulos, A. C., Schulman, S., and Subcommittee on Control of, A. (2015). Definition of Clinically Relevant Non-major Bleeding in Studies of Anticoagulants in Atrial Fibrillation and Venous Thromboembolic Disease in Non-surgical Patients: Communication from the SSC of the ISTH. J. Thromb. Haemost. 13 (11), 2119–2126. doi:10.1111/jth.13140
 Kubitza, D., Becka, M., Mueck, W., Halabi, A., Maatouk, H., Klause, N., et al. (2010). Effects of Renal Impairment on the Pharmacokinetics, Pharmacodynamics and Safety of Rivaroxaban, an Oral, Direct Factor Xa Inhibitor. Br. J. Clin. Pharmacol. 70 (5), 703–712. doi:10.1111/j.1365-2125.2010.03753.x
 Levey, A. S., Eckardt, K. U., Tsukamoto, Y., Levin, A., Coresh, J., Rossert, J., et al. (2005). Definition and Classification of Chronic Kidney Disease: a Position Statement from Kidney Disease: Improving Global Outcomes (KDIGO). Kidney Int. 67 (6), 2089–2100. doi:10.1111/j.1523-1755.2005.00365.x
 Lin, S. Y., Kuo, C. H., Yeh, S. J., Tsai, L. K., Liu, Y. B., Huang, C. F., et al. (2019). Real-World Rivaroxaban and Apixaban Levels in Asian Patients with Atrial Fibrillation. Clin. Pharmacol. Ther. 107 (1), 278–286. doi:10.1002/cpt.1601
 Mao, L., Li, C., Li, T., and Yuan, K. (2014). Prevention of Stroke and Systemic Embolism with Rivaroxaban Compared with Warfarin in Chinese Patients with Atrial Fibrillation. Vascular 22 (4), 252–258. doi:10.1177/1708538113490423
 Patel, M. R., Mahaffey, K. W., Garg, J., Pan, G., Singer, D. E., Hacke, W., et al. (2011). Rivaroxaban versus Warfarin in Nonvalvular Atrial Fibrillation. N. Engl. J. Med. 365 (10), 883–891. doi:10.1056/NEJMoa1009638
 Sarode, R. (2019). Direct Oral Anticoagulant Monitoring: what Laboratory Tests Are Available to Guide Us?Hematol. Am. Soc. Hematol. Educ. Program 2019 (1), 194–197. doi:10.1182/hematology.2019000027
 Seiffge, D. J., Kägi, G., Michel, P., Fischer, U., Béjot, Y., Wegener, S., et al. (2018). Rivaroxaban Plasma Levels in Acute Ischemic Stroke and Intracerebral Hemorrhage. Ann. Neurol. 83 (3), 451–459. doi:10.1002/ana.25165
 Sennesael, A. L., Larock, A. S., Douxfils, J., Elens, L., Stillemans, G., Wiesen, M., et al. (2018). Rivaroxaban Plasma Levels in Patients Admitted for Bleeding Events: Insights from a Prospective Study. Thromb. J. 16, 28. doi:10.1186/s12959-018-0183-3
 Shen, A. Y., Yao, J. F., Brar, S. S., Jorgensen, M. B., and Chen, W. (2007). Racial/ethnic Differences in the Risk of Intracranial Hemorrhage Among Patients with Atrial Fibrillation. J. Am. Coll. Cardiol. 50 (4), 309–315. doi:10.1016/j.jacc.2007.01.098
 Siegal, D. M., and Konkle, B. A. (2014). What Is the Effect of Rivaroxaban on Routine Coagulation Tests?Hematol. Am. Soc. Hematol. Educ. Program 2014 (1), 334–336. doi:10.1182/asheducation-2014.1.334
 Testa, S., Legnani, C., Antonucci, E., Paoletti, O., Dellanoce, C., Cosmi, B., et al. (2019). Drug Levels and Bleeding Complications in Atrial Fibrillation Patients Treated with Direct Oral Anticoagulants. J. Thromb. Haemost. 17 (7), 1064–1072. doi:10.1111/jth.14457
 Tobe, A., Osanai, H., Tanaka, A., Sakaguchi, T., Kambara, T., Nakashima, Y., et al. (2020). Comparison of Anti-factor Xa Activity Among Three Different Factor Xa Inhibitors in Non-valvular Atrial Fibrillation Patients with Renal Impairment. Clin. Drug Investig. 40 (6), 567–573. doi:10.1007/s40261-020-00912-8
 Tsai, C. F., Thomas, B., and Sudlow, C. L. (2013). Epidemiology of Stroke and its Subtypes in Chinese vs White Populations: a Systematic Review. Neurology 81 (3), 264–272. doi:10.1212/WNL.0b013e31829bfde3
 Turpie, A. G. G., Purdham, D., and Ciaccia, A. (2017). Nonvitamin K Antagonist Oral Anticoagulant Use in Patients with Renal Impairment. Ther. Adv. Cardiovasc Dis. 11 (9), 243–256. doi:10.1177/1753944717714921
 Weir, M. R., Ashton, V., Moore, K. T., Shrivastava, S., Peterson, E. D., and Ammann, E. M. (2020). Response to Letter Regarding Article "Rivaroxaban versus Warfarin in Patients with Nonvalvular Atrial Fibrillation and Stage IV-V Chronic Kidney Disease". Am. Heart J. 223, 111–112. doi:10.1016/j.ahj.2020.03.002
 Wetmore, J. B., Roetker, N. S., Yan, H., Reyes, J. L., and Herzog, C. A. (2020). Direct-Acting Oral Anticoagulants versus Warfarin in Medicare Patients with Chronic Kidney Disease and Atrial Fibrillation. Stroke 51 (8), 2364–2373. doi:10.1161/STROKEAHA.120.028934
 Wong, K. S., Hu, D. Y., Oomman, A., Tan, R. S., Patel, M. R., Singer, D. E., et al. (2014). Rivaroxaban for Stroke Prevention in East Asian Patients from the ROCKET AF Trial. Stroke 45 (6), 1739–1747. doi:10.1161/STROKEAHA.113.002968
Conflict of Interest: The authors declare that the research was conducted in the absence of any commercial or financial relationships that could be construed as a potential conflict of interest.
Copyright © 2022 Sin, Wong, Wong, Siu and Yap. This is an open-access article distributed under the terms of the Creative Commons Attribution License (CC BY). The use, distribution or reproduction in other forums is permitted, provided the original author(s) and the copyright owner(s) are credited and that the original publication in this journal is cited, in accordance with accepted academic practice. No use, distribution or reproduction is permitted which does not comply with these terms.
OPS/images/fphar-13-888660-g005.gif





OPS/images/fphar-13-888660-g006.gif
A S T e e LY.






OPS/images/fphar-13-888660-g003.gif





OPS/images/fphar-13-888660-g004.gif
€. o oot eminiies bt





OPS/images/fphar-13-888660-t003.jpg
Outcome of rivaroxaban treatment

Total recurrent ischemic events (%)

Stroke/Transient ischemic attack (%)

Deep vein thrombosis (%)

Bleeding complications (%)

Major Bleeding n (%)

Minor Bleeding n (%)

Stage 1 CKD
Stage 2 CKD
Stage 3 CKD
Overall

Stage 1 CKD
Stage 2 CKD
Stage 3 CKD
Overall

Stage 1 CKD
Stage 2 CKD
Stage 3 CKD
Overall

Stage 1 CKD
Stage 2 CKD
Stage 3 CKD
Overall

Stage 1 CKD
Stage 2 CKD
Stage 3 CKD

Stage 1 CKD
Stage 2 CKD
Stage 3 CKD

Rivaroxaban 15 mg daily

1(11.1)
167)
289

1(11.1)
167)
283

0(0)
0(0)
0(0)

0(0)
3(333)
5(333)
8(333)

00
1011
167

00
2(222)
4(26.7)

Rivaroxaban 20 mg daily p value

0(0) -
246) -
1(7.1) =
3(4.4) 0603

0(0) =
123) =
10.) -
2(29) =

0(0) =
123 -
000 =
1015) -

1(10) -
15 (34.1) -
3(215) -
19 (27.9) 0.482

0(0) =
49.1) =
10.) =

1(10) -
11 (25) -
2(143) -

Overall

00
339
2(22)
5(5.4)

00
2(22)
2(22)
4(43)

0
1(1.1)
00
1(1.)

1(10)
18 (34.0
8(27.6)
27 (29.3)

00
5(0.4)
269

1(10)
13 (24.5)
6(20.7)





OPS/images/fphar-13-888660-t001.jpg
Demographic information

Sex (mele) (%)
Age, years old, mean (range)

CHADS2 (mean=SD)

Stages of chronic kidney disease (%) 1

o

Laboratory parameters

€GFR by MDRD equation (mi/min/1.73m2), mean
(range)

€GFR by Cockoroft-Gault formula (ml/min/1.73m2),
mean (range)

€GFR <50 m/min/1.73m2 by MDRD equation (%)

€GFR <50 mi/min/1.73m2 by Cockeroft-Gault
formula (%)

Creatinine (umol/L), mean (range)

PT (5), mean (range)

APTT (5), mean (range)

Medical comorbicty (%)

Diabetes melitus (%)

Hypertension (%)

Hyperlipidenia (%)

Ischemic heart disease (%)

Old stroke/cerebrovascular accidents (%)
Past history of cancer (%)

Causes of chronic kidney impairment

Diabetic nephropathy (%)
Hypertensive nephropathy (%)
Unknown cause (%)
Indications of rivaroxaban
Atrial fibrillation

Rivaroxaban
15mg (n = 24)

10 (41.7)
75.46 (60-86)
247 £ 143
00
9(34.6)
15 (57.7)

54.33 (31-88)
45.10 (28-75)

11(45.8)
15 (62.5)

104.21 (62-186)
12.8 (10.6-15.4)
315 (23.8-35.9)

11(45.8)
20(83.3)
9(37.5)
2839
3(12.5)
4(16.7)

8(53.3)
6(40.0)
1(6.67)

24 (100)

Rivaroxaban
20 mg (n = 68)

47 (69.1)

683 (39-95)

129113
10 (14.7)
44 (64.7)
14 (206)

74.08 (41 to >90)
66.17 (29 t0 >90)

4 (6.9
22 (32.4)

86.85 (51-141)
12.3 (10.5-19.5)
315 (26.4-46.4)

19 (27.9)
41(60.3)
13 (19.1)
7(13.2)
7(10.3)
8(11.8)

5(35.7)
4(286)
5(35.7)

68 (100)

p-value

0.002
<0.001

<0.001
<0.001

0.001
0.004

0.002
0.113
0.987

0.089
0.047
0.095
1.000
0.720
0726

Overall (n = 92)

57 (62.0)

702 (39-95)

162 +1.19
10 (11.0)
53 (56.7)
29 (31.6)

68.63 (31 to >90)
60.68 (23 to >90)

15 (16.3)
37 (40.2)

91.38 (51-186)
124 (10.5-19.5)
31.4 (23.8-46.4)

30 (32.6)
61 (66.3)
22 (23.91)

9(78)
10 (10.9)
12 (13.0)

13 (44.8)
10 (34.5)
6(20.7)

92 (100)





OPS/images/fphar-13-888660-t002.jpg
Rivaroxaban Rivaroxaban p-value Overall (n = 92)
15mg (n = 24) 20mg (n = 68)

Peak rivaroxaban level (ng/mi), mean & SD 3184 + 127.1 2726 = 119.9 0.126 284.3 = 122.7
Trough rivaroxaban level (ng/m), mean + SD 60.4+358 41.8£296 0014 466 £ 32.18





OPS/xhtml/nav.xhtml
Contents

		Cover

		Plasma Rivaroxaban Level in Patients With Early Stages of Chronic Kidney Disease—Relationships With Renal Function and Clinical Events		Introduction

		Methods		Patients and Retrieval of Clinical Data

		Blood Sampling and Processing

		Measurement of Plasma Rivaroxaban Level and Coagulation Parameters

		Data Analysis and Statistical Analysis





		Results		Patient Characteristics

		Relationship Between Plasma Rivaroxaban Level and Dosage

		Association Between Plasma Rivaroxaban Level and Renal Function

		Relationship Between Plasma Rivaroxaban Level and Clotting Parameters

		Relationship Between Plasma Rivaroxaban Level and Clinically Significant Events





		Discussion

		Data Availability Statement

		Ethics Statement

		Author Contributions

		Funding

		Publisher’s Note

		References









OPS/images/cover.jpg
& frontiers | Frontiers in Pharmacology






OPS/images/fphar-13-888660-g001.gif





OPS/images/fphar-13-888660-g002.gif





OPS/images/fphar-13-888660-t004.jpg
Occurrence of events

Bleeding events

Recurrent ischaemic/thrombotic events

Peak rivaroxaban level
Trough rivaroxaban level

Peak rivaroxaban level
Trough rivaroxaban level

Yes No

(mean + SD)

278.2 = 1228 286.9 = 1236
599 £ 356 41.1£292

2300 + 1200 287.6 + 1232
303+ 148 476327

p value

1.00
0.011

0.336
0.348









OPS/images/crossmark.jpg
©

|





OPS/images/logo.jpg
& frontiers | Frontiers in Pharmacology





