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A B S T R A C T   

Introduction: For exclusion of pulmonary embolism (PE) clinical decision rules in combination with a D-dimer 
assay are applied. Currently available D-dimer assays are not standardized and it is unknown whether these 
differences have an impact on diagnostic management of suspected PE. Therefore, the aim is to explore differ-
ences between D-dimer assays and their impact on diagnostic outcome. 
Methods: Data from all patients included in the YEARS study were collected. The YEARS study is a prospective, 
multicentre, cohort outcome study evaluating 3462 patients with suspected PE in which four different D-dimer 
assays were applied (Liatest, Innovance, Tinaquant, Vidas). Median D-dimer concentrations were calculated for 
each D-dimer assay. Sensitivity, specificity, PPV and NPV for detection of PE of all four assays were determined 
in patients without YEARS items and in those with ≥1 YEARS items (i.e. symptomatic deep vein thrombosis, 
haemoptysis, and whether PE is the most likely diagnosis). 
Results: A total of 1323, 1100, 768 and 271 D-dimer concentrations were collected using the Liatest Innovance, 
Tinaquant and Vidas assay, respectively. Median D-dimer concentrations differed significantly between assays, 
with lowest values in the Tinaquant assay. In patients without YEARS items using a cutoff level of 1000 ng/mL, 
the NPV varied from 99,5 to 100%. In patients with ≥1 YEARS items using a 500 ng/mL cutoff, the NPV varied 
from 97,0 to 100% depending on the assay. 
Conclusions: The overall high NPV for all assays demonstrates the clinical value of the D-dimer assay. However, 
these results confirm differences between D-dimer assays, which have an impact on follow-up imaging. This 
emphasizes the need for standardization of D-dimer assays.   

1. Introduction 

An accurate D-dimer measurement is essential for a correct diagnosis 
and treatment of thrombosis based on red thrombi [1]. However, 
currently available D-dimer assays are not standardized. Several publi-
cations have reported a significant degree of variability in test results 
between different assays [2,3]. This is also evident when reviewing the 

results of external quality control programs such as the program pro-
vided by the ECAT Foundation that includes approximately 650 
participating laboratories worldwide (Fig. 1). It has however not been 
demonstrated whether standardization would benefit patients. 

For exclusion of pulmonary embolism (PE) clinical decision rules in 
combination with a D-dimer measurement are applied. In the widely 
used Wells algorithm, the D-dimer concentration is only measured to 

Abbreviations: CTPA, computer tomography pulmonary angiography; DVT, deep vein thrombosis; IQR, interquartile range; NA, not applicable; NPV, negative 
predictive value; PE, pulmonary embolism; PPV, positive predictive value; SD, standard deviation; WHO, World Health Organization. 
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rule out PE in patients with an unlikely or non-high pre-test probability 
of PE [4,5]. We recently showed that PE can be excluded safely by the 
YEARS diagnostic algorithm in patients with suspected PE [6]. This 
YEARS algorithm differs from the Wells algorithm, in the way that a pre- 
test probability dependent D-dimer threshold is applied. 

Using the YEARS algorithm, patients with suspected PE are managed 
by simultaneous assessment of the YEARS clinical decision rule and 
measurement of D-dimer concentrations. The clinical decision rule 
consists of three YEARS items: 1) clinical signs of deep vein thrombosis 
(DVT), 2) haemoptysis, and 3) whether PE is the most likely diagnosis 
[6]. PE is considered excluded without a need for CT pulmonary angi-
ography (CTPA) in patients without YEARS items and D-dimer concen-
trations less than 1000 ng/mL, or in patients with ≥1 YEARS items and 
D-dimer concentrations less than 500 ng/mL [6]. 

The safety of this algorithm was confirmed during 3 months follow- 
up in all patients in whom PE was excluded without CTPA in two 
management studies [6,7]. The main advantage of this algorithm was a 
14% absolute reduction of CTPA examinations [6]. In the recent Artemis 
study in which the pregnancy-adapted YEARS diagnostic algorithm was 
assessed, a CTPA was avoided in 39% of pregnant women with suspected 
PE compared to the application of the conventional D-dimer threshold, 
saving costs, time and radiation exposure [7]. Furthermore, the simul-
taneous assessment of D-dimer and the clinical decision rule makes it an 
attractive and easy tool to apply during busy acute clinical practice. 

Previous studies on the accuracy of the D-dimer assays mainly 
evaluated the exclusion of PE in patients with a non-high pre-test 
probability of PE with the predetermined cutoff level 500 ng/mL or an 
age adjusted cutoff level [4,8]. Since the YEARS algorithm the cutoff 
level 500 ng/mL is only applied in patients with ≥1 YEARS items and an 
additional higher D-dimer cutoff level is used in patients without YEARS 
items, it is relevant to investigate if the differences between the assay 
performances have an impact on the diagnostic accuracy of the D-dimer 

test in this setting. 
Therefore we performed a post-hoc analysis of the YEARS study in 

order to evaluate potential differences between D-dimer assays and their 
impact on diagnostic management and outcome. 

2. Materials and methods 

Data of all patients included in the YEARS study were used. For this 
prospective, multicentre, cohort outcome study 3465 patients were 
included between Oct 5, 2013 and July 9, 2015 [6]. The study was 
carried out in 12 hospitals in the Netherlands. Four different D-dimer 
assays were applied according to local practice each on the systems from 
the same manufacturers as the reagents: Vidas D-dimer (Biomerieux, 
Marcy-L’Étoile, France), Tinaquant (Roche Diagnostica, Mannheim, 
Germany), Liatest (Diagnostica Stago, Asnieres, France), and Innovance 
(Siemens, Marburg, Germany). 

In the current analysis, patients were stratified according to the D- 
dimer assay that was applied at presentation according to local practice. 
Three patients from whom precise D-dimer levels were unavailable were 
excluded from the analysis. 

Baseline characteristics and D-dimer concentrations of the patients in 
the different assay groups were described. Subsequent ANOVA analyses 
were performed to assess statistical differences between the four assays. 

Median D-dimer concentrations were calculated per assay, stratified 
for the presence of PE. As gold standard patients were positive for PE 
when PE was diagnosed at baseline after CTPA imaging, or VTE was 
confirmed or could not be excluded as cause of death at 3 month follow 
up. Sensitivity, specificity, positive predictive value (PPV) and negative 
predictive value (NPV) with the 95% confidence interval of all four as-
says were determined in patients without YEARS items and patients with 
≥1 YEARS items [6]. 

3. Results 

Four different D-dimer assays were applied, with each hospital using 
its own method for local clinical practice. Of the 3462 patients in the 
YEARS study D-dimer concentrations were analyzed with the Liatest, 
Innovance, Tinaquant and Vidas assay in 1323, 1100, 768 and 271 pa-
tients, respectively. Four out of 12 participating hospitals were academic 
medical centers. Table 1 summarizes the baseline characteristics. Base-
line characteristics differed between the various D-dimer groups. For 
instance, compared to other D-dimer groups, there were lower rates of 
outpatients in the Innovance group, a lower rate of cancer and immo-
bilization in the Tinaquant group, and a higher proportion of patients 
with ≥1 YEARS items in the Vidas assay group. 

Table 2 summarizes the median D-dimer concentrations and the 
number of patients with a D-dimer concentration below the cutoff level 
(1000 or 500 ng/mL) in patients without YEARS items and patients with 
≥1 YEARS items. The percentages of patients below the cutoff level 
correspond to the proportion of patients in whom PE was excluded 
without further CTPA analysis. This percentage varied from 71% to 82% 
in patients without YEARS items and from 15 to 29% in patients with ≥1 
YEARS items among the different used D-dimer assays. 

Table 3 summarizes the median D-dimer concentrations in patients 
diagnosed with and without PE with the four different assays. In patients 
without PE significant differences were found between assays and D- 
dimer concentrations varied from 320 to 790 ng/mL. In this group 
lowest D-dimer concentrations were found with the Tinaquant assay 
(320 ng/mL) and highest concentrations were found with the Vidas 
assay (790 ng/mL). Median D-dimer concentrations were approximately 
5 times higher in patients with PE. No significant differences between D- 
dimer assays were found in patients with PE. 

Sensitivity, specificity, PPV and NPV with the 95% confidence in-
terval of all four D-dimer assays in patients without YEARS items as a 
diagnostic tool for pulmonary embolism are shown in Table 4. In pa-
tients without YEARS items in which a cutoff level of 1000 ng/mL was 

Fig. 1. Results from a sample from the ECAT External quality assessment 
program that was analyzed for D-dimer concentration with different assays in 
645 different laboratories. 
(Printed with permission from the ECAT foundation.) 
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applied, the NPV varied from 99,5 to 100% depending on the assay 
(Table 4). In four patients without YEARS items a VTE related event was 
falsely excluded with a D-dimer value below 1000 ng/mL. Two of these 
four patients were in the Liatest group in whom D-dimer values of 898 
and 609 ng/mL were found, while at the three month follow up a PE 

could not be excluded as a cause of death. One of these four patients 
belonged to the Innovance group in whom a DVT was missed 14 days 
after surgery, while a D-dimer level of 560 ng/mL was measured. The 
last of these four patients was in the Tinaquant group in which a D-dimer 
level of 610 ng/mL was measured, while the patient was diagnosed with 

Table 1 
Baseline characteristics of patients with suspected pulmonary embolism divided per assay.   

All patients Liatest Innovance Tinaquant Vidas P value 

N 3462 1323 1100 768 271 N.A. 
Mean age (years (SD)) 53 (18) 54 (18) 52 (18) 53 (20) 59 (17) <0,001 
Women (%) 62,2% 61,7% 58,4% 68,0% 63,5% <0,001 
Median duration of complaints (days) 3 3 2 4 3 <0,001 
Immobilization or surgery in the past 4 weeks 12,1% 14,9% 11,4% 7,3% 10,3% <0,001 
Outpatient 86,3% 94,3% 75,5% 83,7% 98,5% <0,001 
History of pulmonary embolism or deep vein thrombosis 10,4 11,6% 9,2% 9,4% 11,8% 0,365 
Malignancy 9,6 12,5% 10,4% 3,6% 9,6% <0,001 
Patients with ≥1 YEARS item 50% 59% 40% 37% 80% <0,001 
Patients included in academic medical centers 51% 65% 81% 0 0 <0,001 
Nr of hospitals that included patients 12 4 5 2 1 N.A.  

Table 2 
Median D-dimer concentrations and the number of patients (%) with a D-dimer concentration below the cutoff level in patients without YEARS items and patients with 
≥1 YEARS items.   

Liatest Innovance Tinaquant Vidas P value 

Patients without YEARS items Number of patients 547 659 483 53  
D-dimer (ng/mL) (median (IQR)) 563 (756) 460 (700) 270 (450) 570 (690)  <0.001 
D-dimer <1000 ng/mL (n (%)) 387 (71%) 499 (76%) 395 (82%) 39 (74%)  

Patients with ≥1 YEARS items Number of patients 776 441 285 218  
D-dimer (ng/mL) (median (IQR)) 1009 (1931) 970 (1493) 770 (1580) 1100 (1805)  0.023 
D-dimer <500 ng/mL (%) 145 (19%) 70 (16%) 83 (29%) 33 (15%)   

Table 3 
D-dimer concentrations in patients diagnosed with and without PE with the four different assays.   

Liatest Innovance Tinaquant Vidas P value 

Patients without PE Number of patients 1104 1000 676 223  
D-dimer (ng/mL) (median (IQR)) 666 (826) 565 (790) 320 (538) 790 (950)  <0.001 

Patients with PE Number of patients 219 210 92 48  
D-dimer (ng/mL) (median (IQR)) 3083 (3371) 2690 (3095) 2890 (5485) 3700 (3600)  0.709  

Table 4 
Sensitivity, specificity, PPV and NPV with the 95% confidence interval of all four assays (Liatest, Innovance, Tinaquant, Vidas) in patients without YEARS items using a 
D-dimer cutoff level of 1000 ng/mL.   

All assays Liatest Innovance Tinaquant Vidas 

Sensitivity 93,8% 
(84,2–98,0) 

93,1% 
(75,8–98,8) 

92,9% 
(64,2–99,6) 

95,0% 
(73,1–99,7) 

100,0% 
(19,8–100,0) 

Specificity 78,5% 
(76,4–80,4) 

74,3% 
(70,3–78,0) 

77,2% 
(73,7–80,4) 

85,1% 
(81,4–88,1) 

76,5% 
(62,2–86,8) 

PPV 14,5% 
(11,3–18,2) 

16,9% 
(11,6–23,8) 

8,1% 
(4,6–13,8) 

21,6% 
(13,8–31,9) 

14,3% 
(2,5–43,8) 

NPV 99,7% 
(99,1–99,9) 

99,5% 
(97,9–99,9) 

99,8% 
(98,7–100,0) 

99,7% 
(98,4–100,0) 

100,0% 
(88,8–100,0)  

Table 5 
Sensitivity, specificity, PPV and NPV with the 95% confidence interval of all four assays (Liatest, Innovance, Tinaquant, Vidas) in patients with ≥1 YEARS items using a 
D-dimer cutoff level of 500 ng/mL.   

All assays Liatest Innovance Tinaquant Vidas 

Sensitivity 99,3% 
(97,7–99,8) 

100,0% 
(97,6–100,0) 

100,0% 
(94,9–100,0) 

97,4% 
(90,0–99,5) 

97,9%  
(87,3–99,9) 

Specificity 25,0% 
(22,7–27,5) 

25,0% 
(21,6–28,8) 

19,9% 
(16,0–24,6) 

38,8% 
(32,2–45,7) 

18,7%  
(13,3–25,5) 

PPV 29,2% 
(26,9–31,7) 

31,1% 
(27,5–34,9) 

24,3% 
(20,0–29,0) 

36,6% 
(30.3-43.7) 

24,9% 
(18,9–31,8) 

NPV 99,1% 
(97,2–99,8) 

100,0% 
(96,8–100,0) 

100,0% 
(93,5–100,0) 

97,6% 
(90,8–99,6) 

97,0% 
(82,5–99,8)  
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subsegmental PE on CTPA during admission. 
Sensitivity, specificity, PPV and NPV with the 95% confidence in-

terval of all four D-dimer assays in patients with ≥1 YEARS items as a 
diagnostic tool for pulmonary embolism are shown in Table 5. In pa-
tients with ≥1 YEARS items, in which a cutoff level of 500 ng/mL was 
applied, the overall NPV was 99,1%. When calculated separately for 
each assay, the NPV varied from 97,0 to 100% (Table 5). In three pa-
tients with ≥1 YEARS items a non-fatal PE was falsely excluded with a D- 
dimer value below 500 ng/mL. Two of these three patients were in the 
Tinaquant group with D-dimer levels of 380 and 410 ng/mL. One of 
these three patients was in the Vidas group, with a D-dimer concentra-
tion of 420 ng/mL. In these former three patients with a non-fatal PE 
with D-dimer values below the cutoff level, the CTPA was made at 
baseline and this was considered protocol violation. 

4. Discussion 

This post-hoc analyses of the YEARS study confirms the clinical value 
of the D-dimer assay since large differences in D-dimer values are shown 
in patients with and without PE. However, the present analyses show 
considerable differences in D-dimer concentrations between assays. 
Depending on the assay, the percentage of patients without YEARS items 
who had a D-dimer concentration below the cutoff level (1000 ng/mL) 
varied from 71% to 82%. In patients with ≥1 YEARS items, this per-
centage below the cutoff level (500 ng/mL) varied from 15% to 29% 
depending on the assay, resulting in differences in numbers of follow-up 
imaging. These differences in follow-up imaging have significant impact 
on costs, time and radiation exposure. 

To evaluate the clinical impact of the different assays, the NPV of 
each assay was determined. Based on a recent meta-analysis the 
maximum acceptable failure rate is 1.85 to 2.0% depending on the 
prevalence of PE [9]. This implies a minimal NPV of 98%. The NPV for 
patients without YEARS items with a cutoff level of 1000 ng/mL was 
comparable between assays (99.5–100%). It therefore appears that all 
assays perform equally well in patients without YEARS items in the 
YEARS study. This is supported by previous studies in which a D-dimer 
assay was used to exclude PE in low-risk patients [10,11]. 

In contrast to the Wells algorithm, the YEARS algorithm also applies 
a D-dimer assay with a cutoff level of 500 ng/mL to exclude PE in pa-
tients with a high clinical suspicion for PE (i.e., those who have ≥1 
YEARS item). In this group the NPV varied slightly between assays 
(97,0–100%). According to the present post hoc analysis, no PE di-
agnoses in the high risk patient group were missed when using the 
YEARS algorithm in combination with the Liatest and the Innovance 
assay. In the Tinaquant assay and Vidas assay 3 PE patients were missed 
due to a D-dimer value below the cutoff level. Interestingly, all three 
patients with PE that were missed were “protocol violations” and thus 
were not managed according to the algorithm. In these patients a CT 
scan was performed at baseline despite the low D-dimer concentration. 
It appears that in the high risk group, the Liatest and Innovance assays 
performed better with respect to the NPV, although the choice for spe-
cific D-dimer assay was non-random but based on local preference with 
different patients presenting to the different hospitals (Table 1). A 
possible solution for improvement of the specificity and PPV without 
compromising the sensitivity and NPV could be adjustment of cutoff 
values per assay. However this is not desirable in clinical practice since 
clinicians are used to the clear and comparable cutoff values in different 
hospitals. Therefore further optimization of patient care could be 
reached by standardization of the D-dimer assays. 

In the present study we found significant differences between D- 
dimer assays with lowest D-dimer concentrations within the Tinaquant 
assay group. There are several possible causes for these differences be-
tween assays. D-dimers are part of different sizes of fibrin degradation 
products and therefore the antigens are a diverse group of molecules. 
The monoclonal antibodies used in the different assays, recognize 
different epitopes of the antigens with their own specificity. This results 

in a different reaction with high- and low-molecular-weight fibrin 
degradation products and therefore in a different laboratory result. 
Furthermore, the assay format, assay calibration standards and instru-
mentation varies per method used and also per analyzer and batch of 
reagent used [12]. Therefore, further improvement of the diagnostic 
properties of D-dimer tests might be reached by worldwide standardi-
zation of the assays between the diagnostic companies manufacturing 
them. Hence, the development of a WHO standard, however difficult, 
would be helpful. 

Several issues warrant comment. First, this was a post-hoc analysis. 
Second, ideally, all patients should have been measured with all four 
assays. In the present analyses only 271 (7.8%) of the D-dimer results 
were obtained with the Vidas assay. Also baseline characteristics of the 
patients undergoing the D-dimer test differ significantly between the 
four groups, which may account for observed differences between the 
various assays. For example, the Vidas group has a relatively higher 
mean age, which might explain higher values. The Innovance group 
contains the least outpatients, which also might cause higher D-dimer 
concentrations, while the Tinaquant group consists of the least patients 
with reported malignancies, which might result in lower D-dimer con-
centrations compared to the other D-dimer groups. However, all sites 
applied the same criteria and patients were analyzed according to their 
risk for PE. 

5. Conclusions 

This post-hoc analysis of the YEARS study shows differences between 
D-dimer assays, which may point to differences in sensitivity and spec-
ificity of the different assays when used in the YEARS algorithm, and 
specifically, an effect on the number of patients needing follow-up im-
aging. These results underline the need for standardization of the D- 
dimer assays. In order to reach this goal, development of a WHO D-dimer 
standard would be a step forward as would the use of similar monoclonal 
antibodies in the assays provided by different diagnostic companies. 
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