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Background: D-dimer is a biomarker of fibrin production and degradation, and changes in D-dimer concentration suggest fibrin clot formation, which is associated with thromboembolism and hypercoagulable states. Thus, an elevated D-dimer concentration could be a useful prognostic predictor for patients with venous thromboembolism (VTE).

Methods and results: In this subanalysis of the J’xactly study, a prospective multicenter study conducted in Japan, we examined the clinical outcomes of 949 patients with VTE stratified by baseline D-dimer concentration. The median D-dimer concentration was 7.6 μg/ml (low D-dimer group: <7.6 μg/ml [n = 473, 49.8%]; high D-dimer group: ≥7.6 μg/ml [n = 476, 50.2%]). The mean age of the patients was 68 years, and 386 patients (40.7%) were male. Compared with the low D-dimer group, the high D-dimer group had more frequent pulmonary embolism with or without deep vein thrombosis (DVT), proximal DVT, atrial fibrillation, or diabetes mellitus, and underwent intensive treatment with 30 mg/day rivaroxaban. The incidence of composite clinically relevant events (recurrence or exacerbation of symptomatic VTE, acute coronary syndrome [ACS], ischemic stroke, death from any cause, or major bleeding) was higher in the high D-dimer group than in the low D-dimer group (11.1% vs. 7.5% per patient-year; hazard ratio, 1.46; 95% confidence interval, 1.05–2.04; p = 0.025). There was no significant difference between the high and low D-dimer groups in the incidence of VTE (2.8% vs. 2.5% per patient-year, respectively; p = 0.788), ACS (0.4% per patient-year vs. not observed, respectively; p = 0.078), or major bleeding (4.0% vs. 2.1% per patient-year, respectively; p = 0.087), but there was a significant difference in the incidence of ischemic stroke (1.0% per patient-year vs. not observed, respectively; p = 0.004).

Conclusion: Elevated D-dimer concentration may be an important prognostic predictor in Japanese patients with VTE.

Clinical Trial Registration: UMIN CTR, UMIN000025072 (https://www.umin.ac.jp/ctr/index.htm).
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1. Introduction

Venous thromboembolism (VTE) is a common, acute cardiovascular disorder that encompasses both deep vein thrombosis (DVT) and pulmonary embolism (PE) (1, 2), and it is a major medical concern worldwide (3). Death occurs in approximately 6% of cases of DVT and in approximately 12% of cases of PE within 1 month of diagnosis (4).

Blood D-dimer concentration is a biomarker of fibrin production and degradation. Changes in D-dimer concentration suggest that fibrinolysis is in progress, potentially indicating fibrin clot formation associated with thromboembolism and hypercoagulable states (5, 6). In fact, D-dimer concentration within the normal range is used to rule out the diagnosis of DVT and PE in patients with a low clinical probability of VTE (7, 8). Moreover, an increase in D-dimer concentration after discontinuation of anticoagulant therapy is an indicator of DVT recurrence and can be used as a reference to determine the duration and termination of anticoagulant therapy (9).

Changes in D-dimer concentration are seen in aging and hospitalized patients, as well as in pregnant women (10). A previous report showed that patients with high D-dimer concentrations exceeding 5 μg/ml are often complicated by sepsis and malignant tumor (11). However, it is unclear whether an elevated baseline D-dimer concentration can directly serve as a clinical index item to predict VTE prognosis.

In this study, we aimed to elucidate the association between the baseline D-dimer concentration at admission and the clinical outcomes of patients with VTE using data from the Japanese Registry of RivaroXAban Effectiveness and Safety for the Prevention of Recurrence in Patients with Deep Vein Thrombosis and PuLmonarY Embolism (J’xactly study) (12, 13), in which 1,039 patients with acute symptomatic/asymptomatic DVT or PE with or without DVT who underwent treatment with rivaroxaban were enrolled (12, 13).



2. Materials and methods


2.1. Study design and participants

The full details of the study design, data collection process, and baseline characteristics of the study population have been reported previously (12, 13). The J’xactly study was a multicenter, prospective, observational cohort study in which patients diagnosed with acute symptomatic/asymptomatic DVT, PE, or both, and who were prescribed rivaroxaban for the treatment and prevention of VTE, were enrolled from December 2016 to April 2018.

The key exclusion criteria were contraindications to rivaroxaban; the presence of chronic thromboembolic pulmonary hypertension (CTEPH), except for CTEPH plus acute PE or DVT; and active bleeding. All patients provided written informed consent for study participation.

The J’xactly study was conducted in accordance with the principles of the Declaration of Helsinki and with all applicable legal and regulatory requirements in Japan. The protocol and related documentation were reviewed and approved by the Institutional Review Board of Nihon University Itabashi Hospital. All participating institutions also provided ethics approval. In addition, an independent data and safety monitoring committee reviewed all of the study data. The study was registered in the University hospital Medical Information Network Clinical Trials Registry as UMIN000025072.

All eligible patients were enrolled in the study within 3 weeks of starting treatment with rivaroxaban, and data were collected until the end of the follow-up period (November 2019), regardless of whether rivaroxaban was continued, discontinued, or terminated according to the patient’s preference or the physician’s discretion. The 1,016 patients analyzed were stratified by the initial dose of rivaroxaban (standard dosage: 30 mg/day; underdosages: 20, 15, or 10 mg/day). In addition, patients were stratified according to the presence of DVT only or PE with or without DVT. DVT was classified by localization of the thrombus and classified as either proximal (thrombus located proximal to or involving the popliteal vein) or distal (thrombus located distal to the popliteal vein). PE severity was stratified according to Japanese guidelines (2) as either cardiac arrest or collapse, massive, sub-massive, or non-massive PE, other than those described above.



2.2. Data collection

Of the 1,016 patients evaluable by modified intention-to-treat (mITT), 949 patients with available D-dimer concentrations at baseline (at rivaroxaban initiation) were included. In addition, clinical outcomes were evaluated by dividing the patients into two groups based on the median baseline D-dimer concentration of 7.6 μg/ml. The efficacy analysis population included 949 patients, and the safety analysis population included 950 patients.



2.3. Outcomes

As previously described (12, 13), the primary effectiveness outcome was recurrence or aggravation of symptomatic VTE during the follow-up period. VTE was defined according to established diagnostic criteria (14, 15). The primary safety outcome was a major bleeding event that occurred during the treatment period and up to 2 days after rivaroxaban discontinuation. Major bleeding was defined according to the International Society on Thrombosis and Hemostasis criteria (16).

The secondary outcomes included recurrence or aggravation of symptomatic DVT and PE, death from any cause, death related to VTE and cardiovascular disease (CVD), vascular events (acute coronary syndrome [ACS] or ischemic stroke), and non-major bleeding. Clinically relevant events were also evaluated as a composite outcome, in which each component (recurrent VTE, ACS, ischemic stroke, death from any cause, and major bleeding events) was weighted equally. An independent, blinded clinical events committee adjudicated the outcomes.



2.4. Statistical analysis

The mITT population was used for effectiveness calculations; this included all enrolled patients except those who were excluded from study participation. The on-treatment population was used for safety assessments; this included all patients who were treated with at least one dose of rivaroxaban. Continuous variables are reported as the mean ± standard deviation, and categorical variables are reported as the number and percentage of patients. The high and low D-dimer groups were compared using the t-test for continuous variables and the Chi-square test for categorical variables. The Kaplan–Meier method was used to estimate the cumulative event rates, with incidence rates in each treatment group shown as percentages per patient-year. The Cox proportional hazards regression model was used to compare the outcomes between the two groups, with the results expressed as hazard ratios (HRs) with 95% confidence intervals (CIs). A landmark analysis was based on extended treatment with rivaroxaban. Surviving patients who were free from the primary effectiveness and safety outcomes at the landmark cut-off (30 days after the initial treatment) were included in the landmark analysis for the primary effectiveness outcome, death from any cause, safety outcomes, and clinically relevant events. All statistical analyses were performed using SAS software, version 9.4 for Windows (SAS Institute, Inc., Cary, NC, United States). A p < 0.05 was considered statistically significant.




3. Results


3.1. Patients

Among the 1,016 mITT patients, 949 patients with available baseline D-dimer concentrations were included. The median D-dimer concentration was 7.6 μg/ml. Based on this median value, patients were divided into the low D-dimer group (<7.6 μg/ml [n = 473, 49.8%]) and the high D-dimer group (≥7.6 μg/ml [n = 476, 50.2%]) (Figure 1). The on-treatment population included the same 950 patients as the mITT population. Patients were followed up until November 2019. The median follow-up period was 21.2 months (interquartile range, 18.1–24.0 months), and the percentage of patients lost to follow-up was 0.9% (n = 9).

[image: Figure 1]

FIGURE 1
 Flowchart of patient selection and stratification by D-dimer concentration. mITT, modified intention-to-treat; VTE, venous thromboembolism.




3.2. Patient characteristics according to baseline D-dimer concentration: DVT and PE with/without DVT

The baseline characteristics of patients according to baseline D-dimer concentration are summarized in Table 1, and the distribution of baseline D-dimer concentration is shown in Supplementary Figure S1. Patients in the low D-dimer group were significantly younger than those in the high D-dimer group (66.7 ± 15.0 vs. 69.2 ± 14.4 years, respectively; p = 0.007). The low D-dimer group had a lower proportion of patients with proximal DVT (45.5% vs. 64.5%; p < 0.001), PE (31.9% vs. 51.5%; p < 0.001), atrial fibrillation (1.5% vs. 4.0%; p = 0.027), and diabetes mellitus (9.1% vs. 14.1%; p = 0.019). Comorbidities in patients with VTE, such as active cancer (18.2% vs. 19.1%, respectively; p = 0.739), previous VTE (8.7% vs. 7.6%, respectively; p = 0.55), and previous stroke (5.9% vs. 7.8%, respectively; p = 0.304), were not significantly different between the low and high D-dimer groups.



TABLE 1 Baseline characteristics of patients stratified by baseline D-dimer concentration.
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The low D-dimer group had a lower proportion of hospitalized patients (48.8% vs. 71.2%; p < 0.001), a lower heart rate (79.8 ± 15.5 vs. 85.7 ± 18.2 beats per minute; p < 0.001), and a higher oxygen saturation (SpO2) (96.4% ± 3.9% vs. 95.9% ± 3.5%; p = 0.004), but there were no significant differences in the period of hospitalization, PE severity, and the proportion of symptomatic patients. A higher proportion of patients in the high D-dimer group underwent initial intensified therapy with rivaroxaban 30 mg/day (75.2% vs. 61.1%; p < 0.001), but there was no significant difference in the duration of treatment between the low and high D-dimer groups until the last dose (345 ± 271 vs. 370 ± 263 days, respectively; p = 0.13).



3.3. Clinical outcomes according to baseline D-dimer concentration: DVT and PE with/without DVT

The clinical outcomes of the high and low D-dimer groups are shown in Table 2. The high D-dimer group tended to have a higher incidence of major bleeding (4.0% vs. 2.1% per patient-year; p = 0.087) and ACS (0.4% per patient-year vs. not observed; p = 0.078) than the low D-dimer group, although there were no significant differences. The incidence of ischemic stroke was significantly higher in the high D-dimer group than in the low D-dimer group (1.0% per patient-year vs. not observed; p = 0.004). The Kaplan–Meier analyses indicated no significant differences between the high and low D-dimer groups in the cumulative incidences of recurrence or aggravation of symptomatic VTE (2.8% vs. 2.5% per patient-year, respectively; p = 0.788) (Figure 2A). As a result of the higher incidence of ischemic stroke in the high D-dimer group, the incidence of composite clinical events was significantly higher in the high D-dimer group than in the low D-dimer group (11.1% vs. 7.5% per patient-year; HR, 1.46; 95% CI, 1.05–2.04; p = 0.025) (Figure 2B).



TABLE 2 Clinical outcomes of patients stratified by baseline D-dimer concentration.
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FIGURE 2
 Kaplan–Meier curves showing the cumulative incidence of (A) recurrence or aggravation of symptomatic VTE and (B) clinically relevant events. The rate of recurrence or aggravation of symptomatic VTE tended to be higher within 30 days of starting rivaroxaban therapy in both the high (red) and low (blue) D-dimer groups (C). For the composite of clinically relevant events, a significant difference was observed between the high D-dimer group (red) and the low D-dimer group (blue) within 30 days (D).CI, confidence interval; HR, hazard ratio; VTE, venous thromboembolism.


The rates of recurrence or aggravation of symptomatic VTE (0.4% per patient-year vs. not observed, respectively; p = 0.084) (Table 3; Figure 2C) and death from any cause (0.5% vs. 0.1% per patient-year, respectively; p = 0.181) tended to be higher within 30 days of starting therapy in both the high and low D-dimer groups, but the differences between the two groups were not significant. Additionally, the incidence of major bleeding within 30 days did not differ between the high and low D-dimer groups (0.9% vs. 0.4% per patient-year, respectively; p = 0.208). For the composite of clinically relevant events, there was a significant difference between the high and low D-dimer groups in the incidence of events occurring within 30 days (1.8% vs. 0.4% per patient-year, respectively; p = 0.013) (Table 3; Figure 2D).



TABLE 3 Landmark clinical outcomes according to baseline D-dimer concentration.
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4. Discussion

This study has two major findings. First, patients with a high D-dimer concentration (≥7.6 μg/ml) were significantly older; more likely to have PE, proximal DVT, atrial fibrillation, or diabetes mellitus; and had a more severe condition, as indicated by a higher heart rate and a lower SpO2, than those with a low D-dimer concentration (<7.6 μg/ml). Patients with a high D-dimer concentration also more frequently underwent initial intensive therapy with rivaroxaban 30 mg/day. Second, the incidence of composite clinical events was significantly higher in the high D-dimer group than in the low D-dimer group, and in particular, as composite event items, the rates of major bleeding, ACS, and ischemic stroke were higher in the high D-dimer group.


4.1. Characteristics of patients with DVT and PE according to baseline D-dimer concentration

D-dimer concentration is often assessed to exclude the acute phase of DVT (17); therefore, DVT can be ruled out with high probability in patients with a D-dimer concentration below the reference value. Among the patients with VTE treated with rivaroxaban, PE, proximal DVT, atrial fibrillation, and diabetes mellitus were more common in the high D-dimer group than in the low D-dimer group. Similarly, a previous report showed that patients with proximal DVT and patients with PE with proximal DVT have significantly higher D-dimer concentrations than those with distal DVT (18).

A history of atrial fibrillation and diabetes mellitus in the high D-dimer group could be expected because cardiovascular risk factors, such as obesity, hypertension, dyslipidemia, diabetes mellitus, metabolic syndrome, and tobacco use, have been reported to increase the risk of VTE development (19).



4.2. Clinical outcomes of patients with DVT and patients with PE with/without DVT according to baseline D-dimer concentration

The high D-dimer group with VTE had a significantly higher rate of the composite endpoint than the low D-dimer group, with a particularly high rate of ischemic stroke. It is possible that these patients experienced ischemic stroke due to paradoxical embolism caused by patent foramen ovale, which is a common congenital abnormality observed in approximately 25% of the general population, with an even higher incidence of approximately 40% in the cryptogenic stroke population (20). It is widely known that some patients with non-valvular atrial fibrillation have elevated levels of molecular coagulation markers (21–23), especially clinically high-risk groups with CHADS2 scores exceeding 3 points. High D-dimer concentrations are associated with a significantly higher risk of systemic thromboembolism (24).

Although it has been shown that the relationship between non-valvular atrial fibrillation and PE is bidirectional, the detailed interrelationship between the two remains unclear (25). In this study, of the 8 patients who experienced ischemic stroke, none had a history of atrial fibrillation and 1 patient had diabetes mellitus. The 5 patients developed ischemic stroke despite receiving rivaroxaban, but the remaining 3 patients after the termination of rivaroxaban treatment. Therefore, the possibility that the patients had undiagnosed atrial fibrillation or that they developed atrial fibrillation during the observation period cannot be ruled out. In patients with high D-dimer concentrations, it is always necessary to determine the presence or absence of atrial fibrillation to rule out systemic thrombosis regardless of when rivaroxaban was administered.

Another considerable point is that the high D-dimer group in this study was older than the low D-dimer group, because aging has been reported to increase in D-dimer levels, the risk of developing VTE, and comorbidity complications (26). Thus, aging might have some effects on the incidence of the composite endpoint in this study.

The high D-dimer group with VTE had more severe cases of PE or proximal DVT, as can be seen by their baseline characteristics, and these patients were at a higher risk of systemic thromboembolism, which may have been the reason for the aggressive use of intensified therapy with rivaroxaban. In fact, many patients in the high D-dimer group with VTE underwent initial intensive therapy with rivaroxaban, the side effects of which may have increased the composite endpoint rate. In particular, careful attention should be paid to the high D-dimer group with VTE because they tended to have a 2-fold higher incidence of major bleeding than in the low D-dimer group. The rate of recurrent symptomatic VTE was not significantly different between the two groups, suggesting that rivaroxaban is effective in treating VTE regardless of the D-dimer concentration.

Within 30 days of treatment, recurrence or aggravation of symptomatic VTE and death from any cause tended to be higher in the high D-dimer group, but the difference was not significant. It is known that recurrence of symptomatic VTE is more common in the acute phase and that the incidence of death from any cause is increased as a result (27–30), and the present results are consistent with this.

D-dimer concentrations in patients with acute VTE are known to be related to the severity of the clot burden/thrombus extension, which may be related to early mortality and D-dimer concentration (31). In the COMMAND VTE Registry, a large-scale registry of patients with VTE in Japan, it was reported that patients within 30 days of VTE onset had a higher risk of VTE recurrence and death from any cause when the D-dimer concentration was high (32). Although the same trend was observed in the present study, the lack of significant differences between patients stratified by D-dimer concentration may be because of lower D-dimer concentrations, fewer patients with severe disease, more patients with DVT, and fewer patients with cancer than in the COMMAND VTE Registry. However, the present results suggest that D-dimer concentration may be an indicator of the composite endpoint in patients with VTE.



4.3. Clinical implications

Patients with higher baseline D-dimer concentrations may have non-valvular atrial fibrillation and/or diabetes mellitus, and have a high risk of systemic thromboembolism. Therefore, aggressive direct oral anticoagulant therapy in patients with high D-dimer concentrations who develop VTE can prevent recurrence or aggravation of symptomatic VTE. However, as the risk of major bleeding is also high during the period of intensified therapy, the choice of anticoagulation and the duration of administration should be adjusted according to the patient’s background.

This analysis alone is insufficient to elucidate a clear cut-off D-dimer concentration that separates bleeding events from thromboembolic events. Thus, further prospective studies are needed to clarify the prognostic value of D-dimer concentration in patients with VTE.



4.4. Limitations

This study has some limitations that should be noted. Although multiple studies have shown an association between elevated D-dimer concentration and prognosis, no single cut-off value has been identified that consistently optimizes the prognostic value of this biomarker, which this study did not overcome. Second, D-dimer concentration can change with age and comorbidities, such as atrial fibrillation, heart failure, peripheral arterial disease, and renal failure. Patients with these comorbidities were included in the present study, and the presence of such comorbidities may limit the diagnostic and prognostic value of D-dimer concentration specifically for VTE. For example, the D-dimer itself may not become a good prognostic predictor of future thrombotic and bleeding events if the population consists of a low incidence of atrial fibrillation and receiving a lower dose of rivaroxaban. Finally, only Japanese patients were included in this analysis, which may limit the generalizability of the findings.




5. Conclusion

In real-world clinical practice, Japanese patients with VTE with a high D-dimer concentration were significantly older and had higher rates of PE, proximal DVT, atrial fibrillation, and diabetes mellitus. Moreover, significantly more patients underwent initial intensive therapy with rivaroxaban 30 mg/day. Patients with VTE with a high baseline D-dimer concentration did not have significant differences in the incidence of recurrent or worsening symptomatic VTE, but they had a significantly higher rate of clinically relevant events (recurrent or worsening symptomatic VTE, ACS, ischemic stroke, death from any cause, and major bleeding) than the low D-dimer group, with a significant differences in the rate of cerebral infarction. Patients with VTE with a high D-dimer concentration may be a clinically high-risk group for systemic thromboembolism. These findings will help to manage anticoagulation therapy in terms of deciding the therapeutic duration and selecting between an intensive or preventative rivaroxaban dose.
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