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Background: D-Dimer testing is a diagnostic tool for exclusion of deep vein thrombosis (DVT) and pulmonary embolism (PE). This study evaluated the diagnostic performance of the Tina-quant® D-Dimer Gen.2 assay (Roche Diagnostics International Ltd, Rotkreuz, Switzerland) in patients with low/intermediate pre-test probability of DVT/PE using standard, age-, and clinical probability-adjusted cut-offs.



Methods: In this prospective, observational, multicenter study (July 2017–August 2019), plasma samples were collected from hospital emergency departments and specialist referral centers. DVT/PE was diagnosed under hospital standard procedures and imaging protocols. A standard D-dimer cut-off of 0.5 µg fibrinogen equivalent units (FEU)/ml was combined with the three-level Wells score; cut-offs adjusted for age (age × 0.01 µg FEU/ml for patients >50 years) and clinical probability (1 µg FEU/ml for low probability) were also evaluated. An assay comparison was conducted in a subset of samples using the Tina-quant D-Dimer Gen.2 assay and the previously established routine laboratory assay, STA-Liatest D-Di Plus assay (Stago Deutschland GmbH, Düsseldorf, Germany).



Results: 2,897 patients were enrolled; 2,516 completed the study (DVT cohort: 1,741 PE cohort: 775). Clinical assessment plus D-dimer testing using the standard cut-off resulted in 317 (DVT) and 230 (PE) false positives, and zero (DVT) and one (PE) false negatives. Negative predictive value (NPV) was 100.0% (95% confidence interval [CI]: 99.7%–100.0%) and 99.8% (95% CI: 98.8%–100.0%) for DVT and PE, respectively. After age-adjustment, NPV was 99.9% (95% CI: 99.6%–100.0%) and 99.1% (95% CI: 97.8–99.7) for DVT and PE, respectively. False positive rates decreased (>50%) in clinical probability-adjusted analyses vs. primary analysis. In the assay comparison, the performances of the two assays were comparable.



Conclusion: The Tina-quant D-Dimer Gen.2 assay and standard D-dimer cut-off level combined with the three-level Wells score accurately identified patients with a very low probability of DVT/PE.
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Introduction

Deep vein thrombosis (DVT) and pulmonary embolism (PE), clinical manifestations of venous thromboembolism (VTE), cause significant morbidity and mortality worldwide (1–3). In the United States, VTE is diagnosed in approximately 0.2% of the population and though, in recent years, the mortality rate of patients with VTE has declined, it can still be up to 26% (2). Multiple factors contribute to venous thrombotic risk, such as abnormalities in blood coagulation factors, cancer, and age, the latter being the strongest risk factor (4).

D-dimer and fibrin X-oligomers are biomarkers for the simultaneous activation of coagulation and fibrinolysis that occurs in the presence of thrombosis (5). High levels of D-dimer and X-oligomer fibrin degradation products are indicative of thrombotic risk for DVT and PE; conversely, normal levels identify individuals with a low probability of DVT or PE. International guidelines recommend D-dimer testing in conjunction with clinical presentation, pre-test probability assessment, and imaging, as an important diagnostic tool for DVT and PE (6, 7). Clinical probability assessment, such as that provided by the two- or three-level Wells score, acts as a clinical decision aid for patients suspected of having DVT or PE (8–10). The three-level Wells score is based on clinical symptoms and known risk factors for VTE and categorizes patients as being at either low, intermediate, or high risk of DVT (<1, 1–2, or ≥3 points, respectively) or PE (0–1, 2–6, or >6 points, respectively). When used alongside a highly sensitive D-dimer assay, patients at low or intermediate risk can undergo D-dimer testing in the emergency department to determine the likelihood that a clot is present, rather than undergo definitive investigation. A finding of a normal D-dimer level (<0.5 µg fibrinogen equivalent units [FEU]/ml, with consideration of the use of age-specific cut-offs to increase specificity) (11) can identify patients with a very low probability of DVT or PE and circumvents the need for costly investigative procedures (6, 12, 13). An elevated D-dimer level is not itself considered to be diagnostic of DVT or PE, but rather indicates that imaging is required (13, 14).

Commercially available D-dimer assays generally fall into one of three main categories: qualitative whole blood agglutination assays, which have low sensitivity but high specificity; quantitative enzyme-linked immunosorbent (ELISA) or immunofluorescent assays, and latex agglutination assays, which have high sensitivity but low specificity (15); and latex-enhanced immunoturbidimetric assays, which have the advantages of comparable high sensitivity to ELISA assays, intermediate specificity, the capability to be fully automated, and the most rapid quantification of plasma D-dimer levels for patients presenting to the emergency department (16–18).

Clinicians need to be aware of the considerable degree of variation in the performance characteristics across different D-dimer assays to be able to interpret test results. This is particularly important if the assay cut-off is moderated according to clinical pre-test probability or patient age (17, 19), and assays should be tested and validated in clinical trials or prospective management studies (16). The use of age-adjustment is relevant as D-dimer levels are naturally increased in patients aged >50 years (20). Highly sensitive D-dimer assays benefit from the use of the three-level Wells score over the two-level score, with subsequently fewer patients in need of further imaging, thereby reducing both costs and unnecessary exposure of patients to ionizing radiation. The use of age- and clinical probability-adjustments has been shown to have superior specificity and clinical utility compared with the standalone D-dimer interpretation (21).

The Tina-quant® D-Dimer Gen.2 assay (Roche Diagnostics International Ltd, Rotkreuz, Switzerland)1 is a latex-enhanced immunoturbidimetric assay for the quantitative immunologic determination of D-dimer and X-oligomers in citrated plasma samples. Prospective management studies support the use of the Tina-quant D-Dimer assay to identify patients with a very low probability of DVT and PE2. The aim of this study was to evaluate the diagnostic performance of the Tina-quant D-Dimer Gen.2 assay for identifying patients with a very low probability of proximal DVT or PE in a large cohort of patients with a low or intermediate pre-test clinical probability assessment, using the standard cut-off of 0.5 µg FEU/ml, an age adjusted cut-off, and a clinical probability-adjusted cut-off.



Materials and methods


Study design

This was a prospective, observational, multicenter study conducted between July 3, 2017 and August 28, 2019. All plasma samples were collected from European hospital emergency departments and specialist referral centers (Supplementary Table S1). All sites were experienced in the clinical diagnosis and treatment of DVT and/or PE and were familiar with the three-level Wells score (8–10); Supplementary Table S2) as a clinical decision rule for assessment. Ethical approval was obtained from institutional review boards for all study sites. Written informed consent was obtained from all eligible patients. Protection of privacy regulations were followed as per European Union General Data Protection Regulation (GDPR) 2016/679. The study was performed in accordance with Directives 90/835/EEC and 93/42/EEC.



Study objectives and endpoints

The primary aim of this study was to evaluate the diagnostic performance of the Tina-quant D-Dimer Gen.2 assay for identifying patients with a very low probability of DVT or PE presenting to the emergency department with suspected DVT and/or PE, using a standard cut-off of 0.5 µg FEU/ml D-dimer in conjunction with a low or intermediate pre-test probability according to the relevant three-level Wells criteria. An exploratory objective was to evaluate the diagnostic performance of the assay using an age-adjusted cut-off for patients aged >50 years. A post hoc exploratory objective to evaluate the diagnostic performance using a clinical probability-adjusted cut-off of 1 µg FEU/ml for patients with low risk was also included.

The pre-defined primary endpoint was DVT and/or PE confirmed by imaging, or DVT- and/or PE-related death at 90 days. For the DVT cohort, imaging-confirmed proximal DVT (at or above the level of the trifurcation area) was used as the primary endpoint for analysis; for the PE cohort, imaging-confirmed PE was used as the primary endpoint for analysis.

The secondary aim of this study was to compare the basic performance characteristics (negative predictive value [NPV], positive predictive value [PPV], sensitivity, and specificity) of the Tina-quant D-Dimer Gen.2 assay with a D-dimer assay that was established for routine measurements at one of the study sites.



Patients

Eligible patients were aged ≥18 years, hemodynamically stable, had a Wells score indicating a low or intermediate pre-test probability for DVT (≤2) or PE (≤6) based on the respective three-level scoring, and had at least one lead symptom for DVT or PE (or other documented reason for enrolment). Participant enrollment was consecutive.

Exclusion criteria were: symptoms of DVT or PE for >7 days; a high pre-test probability for DVT or PE according to three-level Wells score (Supplementary Table S2); previous DVT and/or PE; use of unfractionated heparin, low-molecular-weight heparin, or oral anticoagulants in the past 4 days (for vitamin K antagonists, within the past 4 weeks); contraindications for any required diagnostic imaging; use of thrombolytic agents within the past 7 days; patients already hospitalized (for any reason); a concomitant clinical suspicion of PE (for patients with DVT only—in such cases, patients were enrolled in the PE cohort); self-reported pregnancy; impossibility for follow-up by phone or email; or life expectancy of <3 months.

DVT and/or PE were diagnosed in symptomatic patients by physicians according to reference standard procedures and imaging protocols, in line with national guidance3 and established evidence (22). Patients were categorized as having low and intermediate pre-test probability by means of Wells scores of <1 (DVT) and <2 (PE), and 1–2 (DVT) and 2–6 (PE), respectively. All patients were followed-up for 90–111 days after discharge from the emergency department to verify the clinical diagnosis and record any adverse events. For the purpose of analysis, patients were assigned to DVT or PE (with/without concomitant DVT) cohorts.



Sample processing

Each study site prospectively collected patient blood samples by preparing citrated plasma from a single blood draw for each enrolled patient. Plasma samples were frozen and shipped on dry ice to a central laboratory for D-dimer testing. Samples were pseudonymized and stored at −70°C until testing. For D-dimer measurements, all samples were randomized. Analyses were performed using a cobas® t 711 analyzer (Roche Diagnostics International Ltd, Rotkreuz, Switzerland) at a central laboratory used as the single measurement site (Nuremberg, Germany). A subset of samples (DVT: N = 951; PE: N = 555 for PE), for which sufficient volume was left after the measurements for determination of clinical performance, was used in an exploratory comparison with the STA-Liatest D-Di Plus assay (Stago Deutschland GmbH, Düsseldorf, Germany), which was already established for routine measurements in the Nuremberg laboratory. For the assay comparison, samples were first measured with the Tina-quant D-Dimer Gen.2 assay using the cobas t 711 analyzer, followed within 1 h by a second measurement with the STA-Liatest D-Di Plus assay on the STA-R MAX analyzer (Stago Deutschland GmbH, Düsseldorf, Germany), according to manufacturer's instructions. Tina-quant D-Dimer Gen.2 assay.



Tina-quant D-Dimer Gen.2 assay

The Tina-quant D-Dimer Gen.2 assay is based on latex particles coated with monoclonal antibodies (F[ab']2 fragments) to the D-dimer epitope. Addition of a human citrated plasma sample containing D-dimer results in the formation of antigen/antibody complexes that lead to an increase in turbidity; the aggregate is measured using turbidimetry. Change in absorbance over time is dependent on the concentration of D-dimer in the sample. In this study, the D-dimer level of patients was measured post hoc in batches and results paired to clinical diagnosis. Assay data were directly captured using WinCAEv (Mannheim, Germany), a 21 Code of Federal Regulations Part 11 compliant electronic data capture software.



Data analysis

A sample size calculation was performed. With a projected lower prevalence of DVT/PE of 8%, it was planned to collect 70 total positive cases in each cohort to meet sensitivity criteria of >97% with a maximum of two false negatives. The observed prevalence of DVT/PE was 3%, lower than the expected 8%, so the number of maximally allowed false negatives in the DVT cohort was reduced to zero. Data were analyzed according to a statistical analysis plan and using SAS software (version 9.4) and R software (versions 3.4.0 and 3.5.1). Diagnostic performance of the Tina-quant D-Dimer Gen.2 and STA-Liatest D-Di Plus assays was assessed by calculating NPV, PPV, sensitivity and specificity, with 95% exact Clopper-Pearson confidence intervals (CIs). This was performed for the DVT and PE cohorts separately, and in combination as the overall VTE population.

Based on the calculated sensitivity and specificity of the assay, the positive likelihood ratios (LR+) and negative likelihood ratios (LR–) were calculated, and CIs for the likelihood ratios were calculated using the Log method (23).

Diagnostic performance was also calculated using age- and clinical probability-adjusted cut-offs, in accordance with published methodology (20). The age-adjusted cut-off was applied for patients aged >50 years and determined by multiplying patient age by 0.01 µg FEU/ml (e.g., aged 55 years × 0.01 = cut-off of 0.55 µg FEU/ml). The effect of age-adjustment on the whole population was analyzed, as was the effect within each decade for patients aged >50 years. For the clinical probability-adjusted analysis, a higher cut-off of 1 µg FEU/ml was applied to patients assessed as being at low risk of DVT and/or PE according to the three-level Wells score.

All analyses were carried out by the Biostatistics group within Roche Diagnostics (Indianapolis, IN, USA, and Penzberg, Germany).




Results


Patients

A total of 2,897 patients were enrolled; 1,982 patients (68.4%) were enrolled to the DVT cohort and 915 (31.6%) to the PE cohort (Supplementary Figure S1). A total of 2,516 eligible patients completed the study (≥90 days' follow-up): 87.8% (1,741/1,982) of patients in the DVT cohort and 84.7% (775/915) of patients in the PE cohort. Between 90 and 111 days post-enrollment, 6.2% (108/1,741) of patients in the DVT cohort (3.4% [59/1,741] had proximal DVT) and 10.2% (79/775) of patients in the PE cohort received a positive diagnosis following imaging-confirmed DVT and/or PE, or DVT- and/or PE-related death. Baseline characteristics of the patients are shown in Table 1. In total, 57.2% (996/1,741) of patients in the DVT cohort and 69.9% (542/775) of patients in the PE cohort were aged >50 years; the majority of patients eventually diagnosed with DVT/PE were aged >50 years (79.7% DVT, 82.3% PE).


TABLE 1 Patient demographics and baseline characteristics.
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Tina-quant D-Dimer Gen.2 assay: clinical performance

In the overall patient population, NPV and sensitivity for identifying patients with a very low probability of DVT and/or PE were high: 100.0% (95% CI: 99.7%–100.0%) and 99.3% (95% CI: 96.0%–100.0%), respectively (Supplementary Table S3). Overall PPV and specificity were 20.0% (95% CI: 17.1%–23.2%) and 77.0% (75.3%–78.7%), respectively. Similar results were observed in patients with low pre-test probability and in those with intermediate pre-test probability (Supplementary Table S3).

Analyses stratified by cohort and by pre-test probability classification showed diagnostic performance results consistent with the overall findings (Table 2). The prevalence of DVT and PE in patients with low and intermediate pre-test probability was 0% (DVT) and 2.2% (PE), and 3.7% (DVT) and 13.6% (PE), respectively. Clinical assessment combined with D-dimer testing resulted in 317 false positives and no false negatives in the DVT cohort (N = 1,741), and 230 false positives and one false negative in the PE cohort (N = 775). NPV was 100.0% (95% CI: 99.7%–100.0%) and 99.8% (95% CI: 98.8%–100.0%) for DVT and PE, respectively. Sensitivity was 100.0% (95% CI: 93.9%–100.0%) and 98.7% (95% CI: 93.2%–100.0%) for DVT and PE, respectively. PPV ranged from 0.0% (95% CI: 0.0%–17.7%) to 28.5% (95% CI: 23.1%–34.5%) and specificity from 61.2% (95% CI: 56.6–65.6) to 86.4% (95% CI: 79.6%–91.6%).


TABLE 2 Diagnostic performance of the Tina-quant D-Dimer Gen.2 assay by cohort and pre-test probability classification (N = 2,516).

[image: Table 2]

The LR + for DVT and PE were 5.3 (95% CI: 4.8–5.9) and 3.0 (95% CI: 2.7–3.3), respectively (Table 2). The LR– for DVT and PE were 0.0 (95% CI: not available) and 0.02 (95% CI: 0.0–0.1), respectively.



Age-adjusted analysis

In total, 1,538 patients were aged >50 years (996 DVT cohort; 542 PE cohort). An exploratory analysis using an age-adjusted D-dimer cut-off, determined by multiplying patient age by 0.01 µg FEU/ml, was performed in these patients and assay performance parameters were calculated.

Specificity was higher in this age-adjusted analysis (Table 3) compared with the primary analysis, with false positive rates of approximately 13% and 22%, respectively. However, the sensitivity was lower in the PE group (93.7% [95% CI: 85.8–97.9]) and false negatives increased from 0% to 0.06% (1/1,741) in the DVT cohort and from 0.1% (1/775) to 0.6% (5/775) in the PE cohort. When patients aged >50 years were grouped by decade of life, false positive rates were lower in the age-adjusted analysis vs. the primary analysis in every age-group category and appeared to decrease with increasing patient age (Supplementary Table S4).


TABLE 3 Diagnostic performance of the Tina-quant D-Dimer Gen.2 assay in the exploratory age-adjusted analysisa (N = 2,516).

[image: Table 3]

Using age-adjustment, the number of false negatives increased from zero to one and one to five for the DVT and PE cohorts, respectively. The false negative patient for DVT was a 59-year old male with a D-dimer level of 0.552 µl/ml. The patient's test result became negative when the cut-off was adjusted to 0.59 µl/ml; he was diagnosed with proximal and distal DVT. The additional false negative patients for PE were: a 81-year old male with a D-Dimer level of 0.697 µl/ml; a 73-year old male with a D-dimer level of 0.664 µl/ml; a 79-year old female with a D-dimer level of 0.727 µl/ml; and a 72-year old female with a D-dimer level of 0.705 µl/ml.



Clinical probability-adjusted analysis

A post hoc exploratory analysis using a cut-off of 1 µg FEU/ml for the low pre-test probability group is presented in Table 4. This approach resulted in a greater than 50% decrease in false positives and an increase in assay specificity in both the DVT and PE cohorts compared with the primary analysis, without any missed cases of DVT or PE.


TABLE 4 Diagnostic performance of the Tina-quant D-Dimer Gen.2 assay in the post hoc exploratory clinical probability-adjusted analysisa (N = 370).
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The sensitivity and specificity of the Tina-quant D-Dimer Gen.2 assay based on a cut-off of 1 µg/ml in the DVT cohort were 66.67% (95% CI: 34.89–90.08) and 97.00% (95% CI: 95.49–98.11) in patients aged ≤50 years, and 82.98% (95% CI: 69.19–92.35) and 90.09% (95% CI: 88.02–91.92) in patients aged >50 years. The sensitivity and specificity of the Tina-quant D-Dimer Gen.2 assay based on a cut-off of 1 µg/ml in the PE cohort were 92.86% (95% CI: 66.13–99.82) and 94.52 (90.62–97.14) in patients aged ≤50 years, and 84.62 (73.52–92.37) and 77.99 (74.00–81.63) in patients aged >50 years.



Safety

No serious adverse events, adverse device effects, or serious adverse device effects were reported. Two minor adverse events occurred in 2 patients during venipuncture: one small hematoma and one burst vein.



Assay comparison

The Tina-quant D-Dimer Gen.2 assay was compared with the established routine laboratory assay, STA-Liatest D-Di Plus, using a subset of plasma samples. As shown in Table 5, the performances of the two assays were comparable. Sensitivity with the Tina-quant D-Dimer Gen.2 assay measured on the cobas t 711 analyzer was 95.3% (95% CI: 89.3%–98.5%) for DVT and 100.0% (95% CI: 95.2%–100.0%) for PE; for the STA-Liatest D-Di Plus assay, respective values were 93.1% (95% CI: 86.4%–97.2%) and 98.6% (95% CI: 92.6%–100.0%). Specificity with the Tina-quant D-Dimer Gen.2 assay on the cobas t 711 analyzer was 69.5% (95% CI: 66.3%–72.5%) for DVT and 53.4% (95% CI: 48.9%–57.9%) for PE; for the STA-Liatest D-Di Plus assay, respective values were 76.5% (95% CI: 74.2%–78.6%) and 60.7% (95% CI: 57.0%–64.4%).


TABLE 5 Assay comparison of the Tina-quant D-Dimer Gen.2 assay with the STA-Liatest D-Di plus assay (established for routine measurements in the laboratory) using a subset of plasma samples.

[image: Table 5]

There were 200 discordant samples, all from patients diagnosed as VTE-negative. Of the 200 samples, 134 and 66 samples were from the DVT and PE cohorts, respectively.




Discussion

Our findings show that the Tina-quant D-Dimer Gen.2 assay has high NPV and high sensitivity (100.0% [95% CI: 99.7%–100.0%] and 99.3% [95% CI: 96.0%–100.0%], respectively) for identifying patients with a very low probability of DVT and/or PE in conjunction with the three-level Wells score. If used in accordance with international standards [see text footnote 3, (22)] for investigation of DVT and PE, this assay could have prevented the need for further imaging in approximately 299 (80.0%) patients with a low-risk score, and 1,532 (71.4%) patients with an intermediate score in this study, with only a single false negative result (see the column of true negatives in Table 2). Testing with the Tina-quant D-Dimer Gen.2 assay is a reliable method for identifying patients with a very low probability of DVT and/or PE. LR– values were 0 or very close to 0 in both cohorts and pre-test probability groups, strongly indicating that patients with a negative result using the Tina-quant D-Dimer Gen.2 assay have a very low probability of DVT or PE. In the PE cohort, it should also be noted that the sample size was smaller and the LR– had wide CIs. When compared with the STA-Liatest D-Di Plus assay using a subset of plasma samples, the Tina-quant D-Dimer Gen.2 assay demonstrated comparable performance. The sensitivity of the STA-Liatest D-Di Plus assay was slightly lower for DVT and slightly higher for PE compared with the manufacturer's package insert (DVT: N = 980, 100.0% [95% CI: 95.8%–100.0%]; PE: N = 1,060, 97.6% [95% CI: 91.7%–99.7%]); data were based on clinical studies similar to this study, which enrolled patients with non-high pre-test probability (24, 25).

The strengths of the study include its prospective design and the large sample size; however, patients at high risk of DVT and PE were excluded, as per predefined criteria. These patients were excluded as the primary aim was to rule out these diagnoses and it is widely accepted in clinical practice for patients who are at high risk according to the Wells score to proceed directly to imaging, regardless of the D-dimer concentration (8–10). In this study, the prevalence of PE was 2.2% and 13.6% in patients with low and intermediate pre-test probability, respectively. These values are comparable with those reported by Ceriani et al. (26) in a meta-analysis of 14 studies using the three-level Wells test, who found that the pooled prevalence for out-patients with low and intermediate pre-test probability was 2.9% and 15.8%, respectively. Moreover, an assay comparison using an established laboratory measurement system demonstrated comparable analytical results when using the Tina-quant D-Dimer Gen.2 assay measured on the cobas t 711 analyzer.

The YEARS study (27) also showed that a simplified diagnostic management of suspected PE by combining the YEARS clinical decision rule (clinical signs of DVT, hemoptysis, and whether PE is the most likely diagnosis) with fixed D-dimer thresholds was able to identify patients with a very low probability of PE and decrease the need for further imaging in 48% vs. 34% of patients when compared with the conventional two-level Wells rule. A secondary analysis of the YEARS study (28) also showed that the YEARS algorithm, which focused on the YEARS criteria and D-dimer cut-offs (500 or 1,000 ng/ml), resulted in a faster diagnosis of PE compared with the conventional algorithm, which managed patients based on the Wells clinical decision rule as well as age-adjusted D-dimer cut-offs (500 ng/ml for patients aged <50 years; patients' age × 10 ng/ml for patients aged ≥50 years).

Notably, exploratory analyses using age-adjusted ranges for predicting the presence of DVT/PE in patients with low or intermediate pre-test probability reduced false positive rates by approximately 25%. Therefore, assuming no further imaging with this strategy, it may be possible to obviate the need for further imaging in 1,976 (78.5%) patients. This strategy increased the number of false negatives for the PE cohort from 0 to 1 in our study. However, the utility of age-adjusted D-dimer thresholds for PE has been highlighted in prospective studies including the ADJUST-PE study (29) and the RELAX-PE study (30). The diagnostic performance of the assay should be further considered in the context of its health economic potential; one study by Blondon et al. concluded that use of an age-adjusted D-dimer cut-off had the potential of cost savings >$80 million per year for the United States health system (31). In support, a recent retrospective study also emphasized the cost-effectiveness of diagnostic strategies using age-adjusted cut-off levels to rule out VTE (32). Encouragingly, our post hoc exploratory analysis using a cut-off of 1 μg FEU/ml in patients with a low pre-test probability further reduced false positive rates by >50% without any increase in false negative results. These reductions may potentially lead to fewer invasive procedures and additional tests for patients, resulting in both time and cost savings, as well as less inconvenience for patients.

Age-adjustment for D-dimer is increasingly being utilized for the prediction of DVT/PE (33), with clinical guidelines gradually adopting this approach. However, evidence in favor of age-adjusted analysis is incomplete; new assays need to be better defined and more evidence is needed to validate the cut-offs. An extensive literature review by the National Institute for Health and Care Excellence (see text footnote 3) found that age-adjusted D-dimer cut-off points resulted in a large reduction of false positives, which could decrease imaging rates; however, they also found a small increase in false negatives, therefore potentially missing disease cases. Further work is required to determine whether an assay with higher precision might identify a greater proportion of patients with a very low probability of DVT or PE by adopting a lower cut-off.



Conclusions

The Tina-quant D-Dimer Gen.2 assay in combination with a low/intermediate pre-test probability according to three-level Wells criteria identified patients with a very low probability of DVT and/or PE (NPV: 100.0% [95% CI: 99.7%–100.0%] for DVT and 99.8% [95% CI: 98.8%–100.0%] for PE) with high sensitivity (100.0% for DVT and 98.7% for PE). The assay also performed well with age-adjusted and clinical probability-adjusted cut-offs.



Data availability statement

The raw data supporting the conclusions of this article will be made available by the authors, without undue reservation, dependent on legal agreements between the sponsor, study sites, and participants.



Ethics statement

The studies involving human participants were reviewed and approved by Nottingham Research Ethics Committee 1, NHS Health Research Authority; Ethik-Kommission der Bayerischen Landesärztekammer; Ethikkommission der Universitätsmedizin Göttingen; Ethik-Kommission der Friedrich-Schiller-Universität Jena an der Medizinischen Fakultät. The patients/participants provided their written informed consent to participate in this study. The studies were conducted in accordance with the local legislation and institutional requirements.



Author contributions

SD, YS, US, and MH designed the study. TB, WB, SB, RB, DH, YS, LT, US, and MH acquired the data. TB, WB, SB, RB, SD, MMO, GG, AR, AW, DH, YS, US, and MH analyzed and/or interpreted the data. All authors contributed to the article and approved the submitted version.



Acknowledgments

Medical writing support for the development of this manuscript, under the direction of the authors, was provided by Rebecca Benatan, BSc, and Sophie Lavelle, MSc, of Ashfield MedComms, Macclesfield, UK, an Inizio company, and was funded by Roche Diagnostics International Ltd, Rotkreuz, Switzerland. The authors acknowledge Ms Christine Aschenneller (Paracelsus Medical University, Nuremberg, Germany) for excellent technical assistance. The cobas t 511/711 Tina-quant D-Dimer Gen.2 assay is approved for in vitro diagnostic use in conformité européenne (CE)-mark accepting countries, but has not been submitted to the United States (U.S.) Food and Drug Administration and is not sold in the U.S. COBAS and TINA-QUANT are trademarks of Roche. All other product names and trademarks are the property of their respective owners. Some of the data in this manuscript have been presented in poster form at the International Society on Thrombosis and Haemostasis—28th Congress (ISTH 2020) and the American Society of Hematology—62nd Annual Meeting (ASH 2020), and as an oral presentation at the 11th Asian-Pacific Society on Thrombosis and Hemostasis meeting (APSTH 2021).



Conflict of interest

RB received consultancy fees from Beckman Coulter, LumiraDx, Roche Diagnostics, Siemens Healthineers, and Abbott Point of Care; research funding from Abbott Point of Care and Roche Diagnostics; Speaker’s Bureau from American Association of Clinical Chemistry (sponsored session from Roche, Abbott, ET Healthcare, Ortho, Siemens, and Beckman); member of steering committees for LumiraDx advisory committee; Creavo (Chair of Trial Steering Committee); Scientific Advisory Board member for Aptamer Group and Creavo.

SD is an employee of Roche Diagnostics International Ltd. MM-O, AW, and YS are employees of Roche Diagnostics GmbH. GG is an employee of Roche Diagnostics. AR and MH are employees of Roche Diagnostics GmbH and own shares in F. Hoffmann-La Roche Ltd. LT is an employee of ICON Clinical Research UK Ltd and contracted to Roche Diagnostics International Ltd. US is an employee of TRIGA-S Scientific Solutions providing consultancy to Roche Diagnostics GmbH.

This study was supported by Roche Diagnostics International Ltd, Rotkreuz, Switzerland. Roche Diagnostics was actively involved in the study design, in the writing of the report, and in the decision to submit the paper for publication. The collection, analysis, and interpretation of data was carried out by study sites independently or in collaboration with Roche. All authors had full access to the data in the study and accept responsibility to submit for publication. Open Access publication fees were paid by Roche Diagnostics International Ltd.

The remaining 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.



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.



Supplementary material

The Supplementary Material for this article can be found online at: https://www.frontiersin.org/articles/10.3389/fcvm.2023.1142465/full#supplementary-material



References

1. Lavorini F, Di Bello V, De Rimini ML, Lucignani G, Marconi L, Palareti G, et al. Diagnosis and treatment of pulmonary embolism: a multidisciplinary approach. Multidiscip Respir Med. (2013) 8:75. doi: 10.1186/2049-6958-8-75

2. Lippi G, Favaloro EJ. Venous and arterial thromboses: two sides of the same coin? Semin Thromb Hemost. (2018) 44:239–48. doi: 10.1055/s-0037-1607202

3. Tovey C, Wyatt S. Diagnosis, investigation, and management of deep vein thrombosis. BMJ. (2003) 326:1180–4. doi: 10.1136/bmj.326.7400.1180

4. Esmon CT. Basic mechanisms and pathogenesis of venous thrombosis. Blood Rev. (2009) 23:225–9. doi: 10.1016/j.blre.2009.07.002

5. Favresse J, Lippi G, Roy PM, Chatelain B, Jacqmin H, Ten Cate H, et al. D-dimer: preanalytical, analytical, postanalytical variables, and clinical applications. Crit Rev Clin Lab Sci. (2018) 55:548–77. doi: 10.1080/10408363.2018.1529734

6. Konstantinides SV, Meyer G, Becattini C, Bueno H, Geersing GJ, Harjola VP, et al. 2019 ESC guidelines for the diagnosis and management of acute pulmonary embolism developed in collaboration with the European Respiratory Society (ERS). Eur Heart J. (2020) 41:543–603. doi: 10.1093/eurheartj/ehz405

7. Mazzolai L, Aboyans V, Ageno W, Agnelli G, Alatri A, Bauersachs R, et al. Diagnosis and management of acute deep vein thrombosis: a joint consensus document from the European Society of Cardiology working groups of aorta and peripheral vascular diseases and pulmonary circulation and right ventricular function. Eur Heart J. (2018) 39:4208–18. doi: 10.1093/eurheartj/ehx003

8. Wells PS, Anderson DR, Bormanis J, Guy F, Mitchell M, Gray L, et al. Value of assessment of pretest probability of deep-vein thrombosis in clinical management. Lancet. (1997) 350:1795–8. doi: 10.1016/s0140-6736(97)08140-3

9. Wells PS, Anderson DR, Rodger M, Forgie M, Kearon C, Dreyer J, et al. Evaluation of D-dimer in the diagnosis of suspected deep-vein thrombosis. N Engl J Med. (2003) 349:1227–35. doi: 10.1056/NEJMoa023153

10. Wells PS, Anderson DR, Rodger M, Ginsberg JS, Kearon C, Gent M, et al. Derivation of a simple clinical model to categorize patients probability of pulmonary embolism: increasing the models utility with the SimpliRED D-dimer. Thromb Haemost. (2000) 83:416–20. doi: 10.1055/s-0037-1613830

11. Weitz JI, Fredenburgh JC, Eikelboom JW. A test in context: D-dimer. J Am Coll Cardiol. (2017) 70:2411–20. doi: 10.1016/j.jacc.2017.09.024

12. Carrier M, Righini M, Djurabi RK, Huisman MV, Perrier A, Wells PS, et al. VIDAS D-dimer in combination with clinical pre-test probability to rule out pulmonary embolism. A systematic review of management outcome studies. Thromb Haemost. (2009) 101:886–92. doi: 10.1160/TH-08-10-0689

13. Righini M, Perrier A, De Moerloose P, Bounameaux H. D-Dimer for venous thromboembolism diagnosis: 20 years later. J Thromb Haemost. (2008) 6:1059–71. doi: 10.1111/j.1538-7836.2008.02981.x

14. Chopra N, Doddamreddy P, Grewal H, Kumar PC. An elevated D-dimer value: a burden on our patients and hospitals. Int J Gen Med. (2012) 5:87–92. doi: 10.2147/ijgm.S25027

15. Di Nisio M, Squizzato A, Rutjes AW, Büller HR, Zwinderman AH, Bossuyt PM. Diagnostic accuracy of D-dimer test for exclusion of venous thromboembolism: a systematic review. J Thromb Haemost. (2007) 5:296–304. doi: 10.1111/j.1538-7836.2007.02328.x

16. Adam SS, Key NS, Greenberg CS. D-dimer antigen: current concepts and future prospects. Blood. (2009) 113:2878–87. doi: 10.1182/blood-2008-06-165845

17. Linkins LA, Takach Lapner S. Review of D-dimer testing: good, bad, and ugly. Int J Lab Hematol. (2017) 39(Suppl 1):98–103. doi: 10.1111/ijlh.12665

18. Wakai A, Gleeson A, Winter D. Role of fibrin D-dimer testing in emergency medicine. Emerg Med J. (2003) 20:319–25. doi: 10.1136/emj.20.4.319

19. Goodwin AJ, Higgins RA, Moser KA, Smock KJ, Chandler WL, Kottke-Marchant K, et al. Issues surrounding age-adjusted D-dimer cutoffs that practicing physicians need to know when evaluating patients with suspected pulmonary embolism. Ann Intern Med. (2017) 166:361–3. doi: 10.7326/m16-2030

20. Douma RA, le Gal G, Söhne M, Righini M, Kamphuisen PW, Perrier A, et al. Potential of an age adjusted D-dimer cut-off value to improve the exclusion of pulmonary embolism in older patients: a retrospective analysis of three large cohorts. BMJ. (2010) 340:c1475. doi: 10.1136/bmj.c1475

21. Parpia S, Takach Lapner S, Schutgens R, Elf J, Geersing GJ, Kearon C. Clinical pre-test probability adjusted versus age-adjusted D-dimer interpretation strategy for DVT diagnosis: a diagnostic individual patient data meta-analysis. J Thromb Haemost. (2020) 18:669–75. doi: 10.1111/jth.14718

22. Bates SM, Jaeschke R, Stevens SM, Goodacre S, Wells PS, Stevenson MD, et al. Diagnosis of DVT: antithrombotic therapy and prevention of thrombosis, 9th edition: American College of Chest Physicians evidence-based clinical practice guidelines. Chest. (2012) 141:e351S–418S. doi: 10.1378/chest.11-2299

23. Altman D, Machin D, Bryant T, Gardner M. Statistics with confidence: confidence intervals and statistical guidelines. 2nd ed. John Wiley & Sons, Inc (2000).

24. Aguilar C, Sartori M, D’Angelo A, Kabrhel C, Groce J, de Maistre E, et al. Validation of the STA-Liatest DDi assay for exclusion of proximal deep vein thrombosis according to the latest Clinical and Laboratory Standards Institute/Food and Drug Administration guideline: results of a multicenter management study. Blood Coagul Fibrinolysis. (2018) 29:562–6. doi: 10.1097/mbc.0000000000000750

25. Pernod G, Wu H, de Maistre E, Lazarchick J, Kassis J, Aguilar C, et al. Validation of STA-Liatest D-Di assay for exclusion of pulmonary embolism according to the latest Clinical and Laboratory Standard Institute/Food and Drug Administration guideline. Results of a multicenter management study. Blood Coagul Fibrinolysis. (2017) 28:254–60. doi: 10.1097/mbc.0000000000000591

26. Ceriani E, Combescure C, Le Gal G, Nendaz M, Perneger T, Bounameaux H, et al. Clinical prediction rules for pulmonary embolism: a systematic review and meta-analysis. J Thromb Haemost. (2010) 8:957–70. doi: 10.1111/j.1538-7836.2010.03801.x

27. van der Hulle T, Cheung WY, Kooij S, Beenen LFM, van Bemmel T, van Es J, et al. Simplified diagnostic management of suspected pulmonary embolism (the YEARS study): a prospective, multicentre, cohort study. Lancet. (2017) 390:289–97. doi: 10.1016/s0140-6736(17)30885-1

28. van der Pol LM, Dronkers CEA, van der Hulle T, den Exter PL, Tromeur C, Heringhaus C, et al. The YEARS algorithm for suspected pulmonary embolism: shorter visit time and reduced costs at the emergency department. J Thromb Haemost. (2018) 16:725–33. doi: 10.1111/jth.13972

29. Righini M, Van Es J, Den Exter PL, Roy PM, Verschuren F, Ghuysen A, et al. Age-adjusted D-dimer cutoff levels to rule out pulmonary embolism: the ADJUST-PE study. JAMA. (2014) 311:1117–24. doi: 10.1001/jama.2014.2135

30. Robert-Ebadi H, Robin P, Hugli O, Verschuren F, Trinh-Duc A, Roy PM, et al. Impact of the age-adjusted D-dimer cutoff to exclude pulmonary embolism: a multinational prospective real-life study (the RELAX-PE study). Circulation. (2021) 143:1828–30. doi: 10.1161/circulationaha.120.052780

31. Blondon M, Le Gal G, Meyer G, Righini M, Robert-Ebadi H. Age-adjusted D-dimer cutoff for the diagnosis of pulmonary embolism: a cost-effectiveness analysis. J Thromb Haemost. (2020) 18:865–75. doi: 10.1111/jth.14733

32. De Pooter N, Brionne-François M, Smahi M, Abecassis L, Toulon P. Age-adjusted D-dimer cut-off levels to rule out venous thromboembolism in patients with non-high pre-test probability: clinical performance and cost-effectiveness analysis. J Thromb Haemost. (2021) 19:1271–82. doi: 10.1111/jth.15278

33. Nybo M, Hvas AM. Age-adjusted D-dimer cut-off in the diagnostic strategy for deep vein thrombosis: a systematic review. Scand J Clin Lab Invest. (2017) 77:568–73. doi: 10.1080/00365513.2017.1390783




1https://pim-eservices.roche.com/eLD/api/downloads/f0ed7cae-7227-ed11-1691-005056a772fd?countryIsoCode=gb

2https://pim-eservices.roche.com/eLD/api/downloads/d8174e0e-b48f-ec11-0f91-005056a772fd?countryIsoCode=gb

3https://www.nice.org.uk/guidance/ng158/evidence/a-ddimer-testing-in-the-diagnosis-of-deep-vein-thrombosis-and-pulmonary-embolism-pdf-8710588334


OPS/images/fcvm-10-1142465-t005.jpg
Group Instrument Samples (N) NPV, % Sensitivity, % Specificity, %

(95% CI) (95% CI) (95% CI)

DVT cohort cobas t 711 1,003 99.2 (98.2-99.7) 269 (225-31.7) 95.3 (89.3-98.5) 69.5 (66.3-72.5)
STA-R Max 1,623 99.4 (98.8-99.8) 21.0 (17.3-25.0) 93.1 (86.4-97.2) 76.5 (74.2-78.6)

PE cohort cobas t 711 569 100.0 (98.6-100.0) 24.6 (19.9-29.8) 100.0 (95.2-100.0) 53.4 (48.9-57.9)
STA-R Max 758 99.8 (98.7-100.0) 21.1 (169-25.8) 98.6 (92.6-100.0) 60.7 (57.0-64.4)

Bl confidincs iterval DT dien vein hrombose: NIV neosiie preciciies walue: BE: pulmonansembolisre. P nosiive: predictive velos:





OPS/images/fcvm-10-1142465-t004.jpg
Specificity, | LR+
9

NPV, % | PPV, % | Sensitivity,

True False False True
positive, N | positive, N | negative, N | negative, N | (95% Cl) = (95% % (95%
(@) 95% Cl) | (95% Cl)

DVT cohort 0 5 0 135 1000 00 N/A 96.4 N/A N/A
(N=140) (973-1000) | (00-52.2) (N/A) (919-98.8) N/A) | (via)
PE cohort 5 2 0 204 1000 192 1000 90.7 107 0.0
(N=230)" (982-1000) | (66-394) | (47.8-1000) | (861-94.1) | (7.1-161) | (N/A)
Cl, confidence interval; DVT, deep vein thrombosis: FEU, fibrinogen equivalent units; LR+, positive likelihood ratio; LR—, negative likelihood ratio; N/A, not applicable: NPV,

negative predictive value: PE, pulmonary embolism; PPV, positive predictive value
°A cut-off of 1 pg FEU/ml was applied for patients designated to have a low clinical probability of DVT and/or PE according to the Wells three-level test

belle score: Low





OPS/images/fcvm-10-1142465-t003.jpg
Group True False False True NPV, % | PPV, % | Sensitivity, | Specificity,
positive, N | positive, N | negative, N | negative, N | (95% Cl) | (95% Cl) %

%
(95% Cl) | (95% CI)

DVT cohort X X 983 862 7.1
(N=1,741) .6-100. 1) | (909-1000) | (845-87.8) | (63-8.)

PE cohort 38 .
(N=775) (33-44) | (00-02)
C, confidence interval; DVT, deep vein thrombosis; FEU, fibrinogen equivalent units; LR+, positive likelihood ratio; LR~, negative likelihood ratio;
value; PE, pulmonary embolism; PPV, positive predictive value.

°A cut-off of 0.5 g FEU/ml was used for patients aged <50 years; an i
(e.q. aged 55 years X 0.01 = age-adjusted cut-off of 0.55 ug FEU/m).

99 . 3. 756
(978-997) | (246-365) | (85.8-97.9) (722-78.7)

NPV, negative predictive

ut-off in patients aged >50 by multipl by 0.01 pg FEU/ml






OPS/images/fcvm-10-1142465-t002.jpg
True False False True Sensitivity, | Specificity, | LR+ LR—

positive, | positive, | negative, | negative, % % (95% (95%
N N N N (95% Cl) (95% Cl) Cl) (@)

DVT cohort

All (V=1,741) 59 317 0 1,365 1000 157 100.0 812 53 0.0 (N/A)
(99.7-100.0) | (122-19.8) | (93.9-100.0) (79.2-83.0) (4.8-5.9)

Low pre-test 0 19 0 121 1000 00 N/A (N/A) 864 0.0 (N/A) | N/A (N/A)

‘probability (97.0-1000) | (0.0-17.7) (79.6-91.6)

(N=140)

Intermediate pre- 59 298 0 1244 1000 165 100.0 807 52 00 (N/A)

test probability (99.7-1000) | (128-208) | (93.9-1000) | (78.6-826) | (47-57)

(N=1601)

PE cohort

All (N=775) 78 230 i 466 998 253 987 67.0 30 002
(988-1000) | (206-306) | (932-1000) | (633-704) | (27-33) | (00-0.1)

Low pre-test 5 47 0 178 1000 96 100.0 791 48 0.0 (N/A)

probability (98.0-100.0) | (3.2-21.0) (47.8-100.0) (73.2-84.2) (3.7-62)

(N=230)

Intermediate pre- 73 183 3 288 9.7 25 987 612 25 00

test probability (98.1-1000) | (231-345) | (927-1000) | (566-656) | (23-29) | (0.0-02)

(N =545)

Cl. confidence interval; DVT, deep vein thrombosis; ECG, electrocardiogram; LR+, positive likelinood ratio; LR~ negative likelinood ratio; N/A, not applicable; NPV, negative
predictive value; PE, pulmonary embolism; PPV, positive predictive value,

*Female, 82 years, Caucasian; 170 cm, 69 kg: enrolled on December 5, 2018; pr d directly to the (not by referral). No DVT lead symptoms; PE
lead symptoms: tachycardia, hypotension. Vital signs: blood pressure 90/60, heart rate 120 bpm, respiratory rate 19 breaths per minute; oxygen saturation 87%; no
intranasal oxygen supplementation performed; Wells score PE 4.5 (based on tachycardia and no altemative diagnosis better explaining the iliness; no malignancies
under treatment, treated within last 6 months or palliative therapy). Conventional 12-lead ECG; sinus tachycardia; electrical heart axis directed right; bundle branch
block normal; no left-axis deviation; S15253 and SIQ3R3 types: both not reported; overall ECG: non-specific (accepted deviation from the norm, with lowest
ikeilhocd of sehemis of PE)






OPS/images/fcvm-10-1142465-t001.jpg
DVT cohort PE cohort

Suspected Diagnosed Suspected Diagnosed
N 1,682 59 1,741 69 7 775
Age
Mean (SD) 53 (14.1) 62 (126) 53 (14.1) 58 (16.6) 66 (14.0) 58 (16.6)
Median (range) 53 (18-92) 64 (33-88) 54 (18-92) 59 (18-91) 69 (25-87) 61 (18-91)
P0.05-P 095 2976 37-80 29-76 2782 35-83 28-82
Age group, years, N (%)
<50 [ 733 (43.6) | 12 (203) | 745 (42.8) [ 219 (315) | 14 (17.7) | 233 (30.1)
>50 | 0w (564) [ 47 (197) | wser | s [ 65 (823) | 52 09)
Sex, N (%)
Female TG 17 (2838) | usrees | 394 (56.6) [ 4 (557) | 438(565)
Male | ey | 2012 | s | m@a [ 35 (443) )
Race, N (%)
Caucasian 1,635 (97.2) 55 (93.2) 1,690 (97.1) 655 (94.1) 78 (98.7) 733 (94.6)
Other 10 (0.6) 2(34) 12 (0.7) 3(0.4) 0(00) 3(0.4)
Not reported 37 22) 2(4) 39 (22) 38 (55) 103) 39(5.0)
Malignancy (via Wells score), N (%)
No 1,676 (99.6) [ 59 (100.0) | s | 676 (97.1) [ 76 (962) [ 752 (97.0)
Yes [ 6 (04) | 000) | 6(03) | 2029 [ 3(38) )

DVT: sy vl incrrinas: PE. pulincniny ambelian Px X parcentis: SO stindand davistion





OPS/xhtml/Nav.xhtml




Contents





		Cover



		Deep vein thrombosis and pulmonary embolism: a prospective, observational study to evaluate diagnostic performance of the Tina-quant D-Dimer Gen.2 assay

		Introduction



		Materials and methods



		Study design



		Study objectives and endpoints



		Patients



		Sample processing



		Tina-quant D-Dimer Gen.2 assay



		Data analysis











		Results



		Patients



		Tina-quant D-Dimer Gen.2 assay: clinical performance



		Age-adjusted analysis



		Clinical probability-adjusted analysis



		Safety



		Assay comparison











		Discussion



		Conclusions



		Data availability statement



		Ethics statement



		Author contributions



		Acknowledgments



		Conflict of interest



		Publisher's note



		Supplementary material



		References



















OPS/images/cover.jpg
’ frontiers ‘ Frontiers in Cardiovascular Medicine

Deep vein thrombosis and
pulmonaryembolism: a prospective,
observational study to evaluate
diagnostic performance of the
Tina-quant D-Dimer Gen.2 assay









OPS/images/crossmark.jpg
(®) Check for updates.





OPS/images/logo.jpg
& frontiers | Frontiers in Cardiovascular Medicine





